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5. ENVIRONMENTAL SETTING

This section discusses the overall physical and environmental setting of the Airport/Klondike

Area. The approximately 600 acre Airport/Klondike Area is the Site addressed in this report.

Where appropriate, various physical aspects of the Site are discussed in the larger context of the

entire East Hartford Main Street main factory complex, the Town of East Hartford, or the entire

central Connecticut area. The purpose of presenting the discussion in this manner is to provide a

broader background against which to relate the specific physical and environmental

characteristics of the Airport/Klondike Site.

5.1 Physical Setting

The Pratt & Whitney (P&W) Main Street facility is located at 400 Main Street, East Hartford,

Connecticut. The main factory complex, on the western portion of the property, is approximately

4,000 feet east of the Connecticut River, in a mixed residential, commercial, industrial area of

East Hartford, Connecticut. In total, the Main Street facility occupies approximately 1,100 acres

in the.Town of East Hartford. The main factory complex occupies a total of approximately 6.5

million square feet of floor space used for manufacturing, testing, research, office space and

space for related activities and support services. At the present time, all activities at the facility

take place in the western portion of the property. To the east of the main factory complex of the

Main Street facility lies the Airport/Klondike Area consisting of the Rentschler Airport and an

area, known as the Klondike, formerly used for experimental test operations as well as ancillary

support operations for the main factory complex. This approximately 600 acre Airport/Klondike

Area is the Site as addressed in this report.

The Main Street facility is located in the Central Lowlands physiographic province of

Connecticut, a north-south trending valley area between the Eastern and Western Highlands. The

area is drained by the Connecticut River and various tributaries. In this area, the Connecticut

River is a tidally influenced river with hydraulic gradients of only a fraction of an inch per mile

during low water stages. In the vicinity of the East Hartford facility, important tributaries to the

Connecticut River include the Hockanum River, located approximately 0.5 miles north of the

facility, Pewterpot Brook which flows through the southeastern portion of the Site, and Willow

Brook which lows through the northwestern portion of the Site.
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5.1.1 Meteorological Information

The State of Connecticut is divided into five climatic regions, based primarily upon topography

and proximity to Long Island Sound. The Site is located in the Central Valley portion of the

Northeast climate region of Connecticut. This area has an average annual temperature of

approximately 60° F, and monthly mean temperatures which range from a low of approximately

36° F in January to a high of approximately 84° F in July. The area receives an average annual

precipitation of approximately 44 inches with average monthly precipitation ranging from a low

of approximately 3 inches to a high of approximately 4.2 inches. Precipitation tends to be fairly

evenly distributed throughout the year in all parts of Connecticut. The average annual snowfall

in the area is approximately 45 inches. Snowfall amounts range between monthly lows of

approximately 1 inch to monthly highs of approximately 13 inches. Measurable snowfall

amounts are typically recorded between November and April, trace amounts, that is, less than

0.05 inches of snow may be recorded in October and May of any given year. During the months

of May through September, wind in the area is generally from the south and averages

approximately 7.5 miles per hour. During the months of October through April, wind in the area

is generally from the north and averages approximately 9 miles per hour.

5.1.2 Land Use

The property surrounding the Main Street facility is zoned for residential, business and industrial

use. Drawing 5-1 is based on the Town of East Hartford Zoning Maps, which were compiled by

the Metropolitan District Commission (MDC). These maps, and Drawing 5-1, show the Main

Street facility and the surrounding area. The Main Street facility is zoned Industrial (1-2 and 1-3).

The areas adjacent to the Main Street facility are zoned Business (B-l) west of the facility along

Main Street, Residential (R-3 and R-4) to the south of the facility across Brewer Street,

Residential (R-2) to the east of the facility, and Residential (R-3 and R-4) and Business (B-l A

and B-l) to the north of the facility, along and across Silver Lane.

5.1.3 Floodplain Information

The two surface water bodies of importance for floodplain information on this Site are: Willow

Brook on the northern and northwestern side of the Site near the main facility, and Pewterpot

Brook, associated tributaries and wetlands on the southern and eastern part of the Site. Near the

main factory complex, the 100-year flood level is 33.3 feet and is located within the Willow

Brook pond embankments. The 500-year flood level is 36.1 feet which would also be contained

within the pond embankments. Drawing 5-2 shows the 100- and 500-year flood boundaries for
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Pewterpot Brook and the unnamed tributaries to Pewterpot Brook. Part of the southern portion

of the Rentschler Airport and Eastern Klondike Areas are within the 100- and 500-year flood

plain.

5.1.4 Wetlands

A wetlands survey was conducted in the Airport/Klondike Area by Soil Science and

Environmental Services, Inc. of Cheshire, Connecticut, from September 1997 through December

1997. The wetlands survey was designed to delineate areas of the Site which met the criteria for

both/either State of Connecticut and/or Federal Wetlands areas. The delineation of the wetlands

areas involved the delineation of vegetation, the installation of soil test holes to observe soil

types and soil moisture conditions, and a review of the Site hydrology.

The State of Connecticut defines wetlands as "land, including submerged land, which consists of

any of the soil types designated as poorly drained, very poorly drained, alluvial, and floodplain

by the National Cooperative Soils Survey, as may be amended from time to time, of the Natural

Resources Conservation Service of the United States Department of Agriculture."

The Federal government defines wetlands as "those areas that are inundated by surface or

groundwater with a frequency sufficient to support and under normal circumstances does or

would support a prevalence of vegetative or aquatic life that requires saturated or seasonally

saturated soil conditions for growth and reproduction. Wetlands generally include swamps,

marshes, bogs, and similar areas such as sloughs, potholes, wet meadows, river overflow,

mudflats, and natural ponds."

Based upon the two definitions of wetlands, a total of approximately 32 acres in the North

Airport and North Klondike Areas, and 17 acres in the South Airport and South Klondike Areas

were directly delineated as areas of wetlands or as watercourses. In addition to the areas defined

as wetlands or watercourses, 100 foot buffer zones around each wetland area and 200 foot buffer

zones around each watercourse were also defined. These buffer zones are based on the Town of

East Hartford Wetlands Regulations. These buffer zone areas account for an additional

approximately 94 acres in the North Airport and North Klondike Areas and an additional 156

acres in the South Airport and South Klondike Areas. The areas of these wetlands/watercourses

and their associated buffer zones are shown on Drawing 5-3.
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5.1.5 Habitat Assessment

A habitat assessment was performed in conjunction with an evaluation of site investigation

findings. The goal of the habitat assessment was to ascertain potential ecological concerns at the

Site that might extend the current remediation considerations beyond human health concerns.

The evaluation was performed by determining the habitat and ecological receptors located within

the Airport/Klondike Area and by considering the contaminant classes, proximity of the

contaminants to each habitat and potential migration. The evaluation is presented in Technical

Memorandum 9 - Ecological Evaluation.

5.1.6 Water Supplies

A review of the "Atlas of the Public Water Supply Sources & Drainage Basins of Connecticut"

published by the Connecticut Department of Environmental Protection (DEP) and dated June

1982, identified only two water supplies, both wells, within a 1,000-foot radius of the facility.

These two wells, located at the Main Street facility near the main factory complex, were properly

abandoned in August 1996 and have not been used since the late 1980s due to low demand.

A well search performed by Environmental Data resources, Inc. (EDR) revealed the presence of

several wells within the general area of the Site as noted on Drawing 5-4. These wells are

f ,. reported in EDR's database as water withdrawal wells for industrial use, or unused test wells.

y< Many of these wells appear to be associated with the main factory complex. Wells associated

vs r with the main factory complex, if still in use, are likely to be wells for basement dewatering.
' ,V "v Vy

,'' ^ ' Wells identified as 20 and 21 by EDR appear tonne two wells abandoned in August 1996. Wells

identified lisT 9, 42and 43 by EDR are of unknown origin and use. A review of the available

i ^/documentation has not indicated any of these wells. Wells identified as 7 and 41 by EDR are

s> part of the Pewterpot Brook Well Field located in the South Airport Area. The wells associated'
with the well field were reportedly used for process water and taken out of service some time

• \ ' ]! i
between 1989 and 1994. The abandonment of these wells ill occur in 1999. f J - > -•> = - • • • • '

f. iJA * "•"- -*"" :'-^ u
| ' A J i ' l / ^ ^ \ v _

Loureiro Engineering Associates, Inc. (LEA) reviewed the records available at the Town of East

{ Hartford to identify water wells in the vicinity of the main Street facility. No public or private

water wells were found during the record search within a 0.25-mile radius of the facility.
x

A review of MDC records, which was also undertaken at that time, indicated that the plant and

1 its surroundings are served by the MDC's public water supply. However, a house-to-house

survey was not performed to confirm these findings. A private well was known to exist on a 4-
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acre residential parcel surrounded by the South Klondike Area (the M°Ilvane Residence, 364

Brewer St., shown on the map as an outlined area near the southern comer of the Airport). Pratt

& Whitney installed a connection to the MDC public water supply on January 9, 1998, and

abandoned this well on January 21, 1998.

Potable water is presently supplied to the facility and greater East Hartford by the MDC of

Hartford County. The closest public well fields are located in South Windsor, Manchester and

Glastonbury, about 5 to 5.5 miles northeast, east and southeast of the Site, respectively.

5.2 Physiography

The Site has little topographic relief. Ground surface elevations on the Main Street facility range

from a high of approximately 55 feet above mean sea level (MSL) in the eastern part of the

Klondike Area to a low of approximately 35 feet MSL near the western part of the facility along

Main Street. In general, there is a relatively uniform slope to the land surface from east to west

across the Site, however the Airport Area was artificially leveled to provide a suitable airstrip.

In addition to the leveling of the ground in the vicinity of the airfield, additional modifications to

the natural topography have been made in the dredging and resizing of the unnamed pond in the

South Airport Area, the modifications to the eastern unnamed tributary to Pewterpot Brook, and

the general development of the Airport/Klondike Area.

5.3 Surface Water Drainage

Surface water runoff on Site is generally toward local surface waters, based on Site topography.

Much of the Site shows little topographic relief. The Klondike Area in the eastern portion of the

facility ranges from an elevation of about 50 to 60 feet above mean sea level NGVD1 sloping

westward toward the airport at about one percent. The central (airport) portion of the Site is

generally flat, with slopes less than 0.5 percent, ranging between an elevation of 38 feet in the

southern part to an elevation of 48 feet in the northern part. The main factory complex area

generally ranges in elevation from 36 to 40 feet.

The northern portion of the Main Street facility contains Willow Brook and Willow Brook Pond,

located north of the main factory complex. Most of the portion of Willow Brook upstream of

Willow Brook Pond flows in an underground culvert. A portion in the North Airport Area is

open and not in a culvert. Beyond the pond, Willow Brook flows generally westward, and

empties into the Connecticut River adjacent to the Colt St. Facility.
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In the northern and central parts of the Klondike Area, there are unnamed tributaries to Pewterpot

Brook which generally flow in a southerly direction . An underground drainage culvert installed

as part of the airport diverts a part of the flow from these streams southwestward under the

airport to an unnamed, manmade pond in the South Airport Area. Pewterpot Brook and an

unnamed tributary flow in a westerly-southwesterly direction in the southern part of the

Rentschler Airport. The southern part of the Rentschler Airport and eastern part of the Klondike

Area are within the inland wetlands area and associated buffer zone.

5.4 Surface Water and Groundwater Quality

The DEP has adopted water quality classifications for the groundwaters and surface waters of the

state to categorize the existing quality of the water, the potential uses of the water, allowable

discharges to the water, and the long-term state goals for water quality restoration. Surface

waters and groundwaters are classified separately, and both classification schemes are based on

the water quality standards as specified by the DEP.

5.4.1 Surface Water Quality

The surface water classification of the Connecticut River in the area is SC/SB denoting a current

surface water quality classification of SC and a surface water quality goal of SB. Class SC

surface waters are "those coastal and marine waters defined as suitable for fish, shellfish, and

wildlife habitats, certain aquaculture operations, recreational uses, industrial and other legitimate

uses-afid including navigation." However, an SC designation indicates that one or more Water

Quality Criteria are not being consistently achieved. The surface water quality goal for the

Connecticut River is SB. Class SB streams are considered "suitable for marine fish, shellfish,

and wildlife habitat, shellfish harvesting for transfer to a depuration plant or relay to approved

areas for purification prior to human consumption, recreation, industrial and other legitimate uses

including navigation."

Neither Willow Brook or Pewterpot Brook have received formal surface water classifications by

the DEP. Not all surface water bodies within the State have received a classification, often due

to a lack of suitable water quality information. When the State has not formally classified a

surface water body, according to the provisions of the Water Quality Standards, the surface water

quality designations of Willow Brook and Pewterpot Brook default to class A. Class A surface

waters are "inland surface waters suitable for recreational use, fish and wildlife habitat,

agricultural and industrial water supplies and other legitimate uses including navigation." Class

1 National Geodetic Vertical Datum of 1929
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A streams are also considered suitable for potential drinking water supplies. Drawing 5-5 depicts

the surface classification of the Site and is based on the map "Adopted Water Classifications for

the Connecticut River Basin" prepared by the DEP and dated June 1988.

5.4.2 Groundwater Quality

The groundwaters beneath the facility have been classified by the DEP as GB. A classification

of GB indicates groundwaters within highly urbanized areas or intense industrial activity and

where a public water supply is available. Drawing 5-5 depicts the groundwater classification of

the Site and is based on the map "Adopted Water Classifications for the Connecticut River

Basin" prepared by the DEP and dated June 1988. This map is also based on other maps

, supplied to the DEP during a recent groundwater reclassification request and reflects the current

groundwater classifications for the facility as acknowledged by DEP. In June 1996, P&W

submitted a groundwater reclassification petition to the DEP in order to reclassify the Klondike

Area from GA to GB. The petition was subsequently approved in August 1996 by the DEP.

5.5 Regional Geologic and Hydrogeologic Setting

The regional geologic and hydrogeologic setting information presented below provides an

overview of the geology and hydrogeology of the greater East Hartford area. This information

has been gathered, primarily by public agencies, from a variety of sources and represents data of

varying quality and significance.

5.5.1 Regional Surficial Geology

The Pratt & Whitney Main Street facility lies in the Central Lowlands province of Connecticut, a

north-south trending valley system which is approximately 20 miles wide in East Hartford. The

lowland consists of a series of parallel valleys separated by linear north-south trending ridges.

The Connecticut River flows southward immediately west of the Site, draining the northern part

of the valley system. The river has created a broad floodplain and eroded terraces in the flatter

portion of the valley system.

The unconsolidated sediments in the region were deposited during, and following, the most

recent period of glaciation, which ended approximately 10,000 years ago. These materials can be

divided into three major units: glacial till and ice-contact stratified sediments, glaciolacustrine

deposits, and post-glacial fluvial and eolian deposits. The three units were deposited in the order

noted above, with the till and ice-contract sediments generally lying directly over bedrock.
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The till is poorly sorted and varies widely from a non-compact mixture of sand, silt, gravel, and

cobbles, with trace amounts of clay, to a compact mixture of silt and clay with some sand, gravel,

and cobbles. Locally, units consisting of sand and gravel deposited in contact with the ice are

present beneath the glaciolacustrine sediments. Glaciolacustrine materials consist of both silt

and clay deposited in a glacial lake and sand and gravel deposits formed by beaches and deltas in

the lake. These materials may be as much as 270 feet thick in the vicinity of the Site.

Post-glacial fluvial sediments consist of sand and silt deposited as the Connecticut River flowed

across the exposed deposits of the former lakebed and cut stream terraces into the exposed

lacustrine clays and silts. These stream terraces are laterally extensive in the vicinity of the Site,

and are typically 15 to 30 feet thick. In addition, a thin veneer of eolian (wind-blown) sediments

was deposited over parts of the area. These deposits typically consist of yellowish-brown fine- to

medium-grained sand and silt. These deposits are only locally important.

5.5.2 Regional Bedrock Geology

The bedrock geology of the region consists of interbedded sedimentary and igneous rocks. The

bedrock stratigraphy consists of four sedimentary rock formations: the New Haven Arkose and

the Shuttle Meadow Formation, East Berlin Formation, and Portland Arkose, which are separated

by interbedded, laterally continuous basalt flows: the Talcott Basalt; the Holyoke Basalt; and, the

Hampden Basalt. These rock units are discussed below in standard geological fashion, from the

stratigraphically lowest rock unit to the stratigraphically uppermost unit.

South of the Site, in the area of North Haven, Connecticut, the New Haven Arkose is estimated at

between 1,950 and 2,250 meters thick. The New Haven Arkose typically consists of alluvial

plain sediments deposited by braided streams inferred to have been ephemeral, high-gradient,

shallow streams carrying coarse bedloads of pebbly sands. Arkosic rocks typically consist of

sand- and gravel-sized particles deposited by rapidly agrading streams in areas of rapid erosion

of igneous or metamorphic uplands. Arkoses are clastic rocks consisting of more than 25 percent

feldspar minerals, a majority of quartz, and varying percentages of other, minor constituents.

The occasionally cross-bedded arkosic sands of the New Haven Arkose are interbedded with

finer-grained typically reddish mudstones indicative of floodplain deposits and are also

occasionally capped by caliche deposits indicating a semi-arid depositional environment.

Above the New Haven Arkose is the Talcott Basalt. The Talcott Basalt is a tholeiitic basalt,

extruded in between one and four flows, in the north-central and south-central Connecticut,

respectively. The thickness of the Talcott Basalt ranges from between 15 to 30 meters in north-
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central Connecticut and 170 to 330 meters in south-central Connecticut. Basalts are extrusive

igneous rocks consisting of minerals such as pyroxenes, olivine, biotite and plagioclase feldspars,

with possibly minor amounts of quartz, hornblende, and other minerals. Tholeiitic basalts are

typically rich in aluminum and poor in potassium. Because of their extrusive nature, basalts are

very fine grained, having cooled and solidified before large mineral crystals could develop.

Above the Talcott Basalt is the Shuttle Meadow Formation. The Shuttle Meadow Formation

consists of reddish mudstones, siltstones, and sandstones, interpreted to have been deposited in

playa and perennial lake environments based on sedimentological and paleontological evidence.

The Shuttle Meadow Formation is approximately 100 meters thick.

Above the Shuttle Meadow Formation is another basaltic lava flow, the Holyoke Basalt. The

Holyoke Basalt is similar to the Talcott Basalt previously described. The Holyoke Basalt is

typically about 100 meters thick.

Above the [East Berlin Formation's the Hampden Basalt. The Hampden Basalt is similar to the

Talcott and Holyoke Basalts previously described. The Hampden Basalt is typically about 60

meters thick.

Above the Hampden Basalt is the uppermost unit of sedimentary bedrock, the Portland Arkose.

On the western edge of the basin, along the eastern border fault, the Portland Arkose consists of

interbedded sandy conglomerate and coarse sandstone deposits which graded laterally into

alluvial plain sequences. The sedimentary units are predominantly composed of interlayered

gray or reddish siltstones, sandstones, and conglomerates. The bedrock layers dip to the

southeast at approximately 10 to 45 degrees towards the Eastern Border Fault, which is located

approximately 8 to 9 miles east of the Site. The thickness of the Portland Arkose varies from

approximately 900 to 1,050 meters in the area of Middletown, Connecticut to over 1,200 meters

in the central Connecticut. The original thickness of the Portland Arkose is difficult to determine

because of the faulting and erosion that has subsequently altered the upper surface of the unit.

5.5.3 Regional Hydrogeology

The Pratt & Whitney Main Street facility is located within the Upper Connecticut River Regional

Drainage Basin. Regional groundwater flow in this part of the basin is expected to be toward the

Connecticut River to the west, although local groundwater flow would be controlled by local

geologic conditions and anthropogenic features, such as production or basement dewatering

wells.
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The Connecticut River basin consists of 508 square miles extending from the Massachusetts state

line to the northern margin of the Mattabesset River basin at Middletown, Connecticut. The

majority of the basin is within the southern part of the Triassic/Jurassic valley, a broad central

lowland area flanked by ridges of crystalline rocks on the east and west. Ground elevations

within the basin range from approximately mean sea level at the southern boundary to greater

than 1,000 feet along the flanking ridges.

Mean annual precipitation is approximately 44 inches. Mean monthly precipitation ranges from

3.0 to 4.2 inches. Mean annual evapotranspiration is approximately 22 inches, with monthly

average evapotranspiration rates ranging from 0.2 inches, estimated from above-freezing winter

days, to 4.3 inches. Mean annual runoff rate is approximately 22 inches, with monthly runoff

rates ranging between 0.9 and 3.6 inches. The net annual storage for the Upper Connecticut

River Basin is 0 inches.

The Connecticut River is tidally influenced throughout a great portion of its reach in

Connecticut. Tidal influence determinations were not measured as a part of this investigation

There are four distinct saturated hydrogeologic units in the shallow subsurface within the region

(from uppermost to lowest): (1) glaciolacustrine silt and sand deposits and post-glacial fluvial

deposits; (2) glaciolacustrine clay and silt deposits; (3) till and ice-contact stratified sediments;

and (4) sedimentary bedrock (the Portland Formation).

The post-glacial fluvial deposits comprise the majority of the upper aquifer and generally

constitute the most important aquifer in the region, primarily due to the saturated thickness and

extent. The unconfined aquifer is relatively coarse-grained and supplies much of the

groundwater used for municipal and industrial purposes in the region.

The majority of the glaciolacustrine deposits are comprised of silt and clay. These sediments

have low permeability and function as a confining layer. The glaciolacustrine unit also includes

limited sand and gravel lenses and areas of sandy beach and deltaic deposits. These deposits

may be locally important as aquifers, but are of limited areal extent.

Glacial till is generally thin and discontinuous, poorly sorted, and contains large amounts of silt

and clay, although sandy zones exist. This unit is usually a poor aquifer and is rarely used even

for domestic production. Ice-contact stratified sediments beneath the silt and clay layer may be

coarse-grained and capable of producing large amounts of water, but these deposits are not

laterally extensive and are therefore only locally important.
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The Portland Formation consists of southeastward-dipping, well-cemented beds of sandstone and

siltstone. Groundwater flow in the bedrock is primarily within fractured and faulted zones. The

Portland Formation is an important source of water for domestic use, but yield is generally not

sufficient for large-scale users.

5.6 Site Geology

The Site geology has been derived from data collected from numerous soil borings, monitoring

wells, and water production well logs for locations across the Site, as well as from geologic data

derived from other, local test borings and production wells.

5.6.1 Surflcial Geology

Post-glaciolacustrine fluvial deposits occur across the Site and generally range from 15 to 30 feet

in thickness, increasing in thickness toward the central part of the Site where greater erosion of

the top of the glaciolacustrine silt and clay may have occurred along an ancient channel of the

Connecticut River. These deposits generally consist of uniform brown fine or fine to medium

sand. Recent laminated silt and sand alluvium occurs near the western boundary of the Site

along the present course of the Connecticut River. This alluvium is thickest near the Connecticut

River and likely interfingers with the older stream terrace deposits. Other recent alluvial deposits

are found scattered across the Site near existing and former streams (e.g., Willow Brook) or

wetland areas.

Glaciolacustrine lake bottom sediments occur over most of the Site and range up to 270 feet in

thickness. These deposits thicken towards the central part of the Site (near the main factory

complex) and are generally absent near the eastern boundary of the Site (the Klondike Area).

These deposits consist of rhythmically laminated silts and clays with red fine sand partings. The

color varies from gray near the surface to red at the base of the unit. Drawing 5-6 depicts

contours of the upper surface, and Drawing 5-7 depicts contours of the thickness of the

glaciolacustrine sediments in the general East Hartford area, respectively.

Beneath the eastern portion of the Site, the contact between the silt and clay and overlying post-

glacial sediments is distinct. However, in the vicinity of the main factory complex, an

intermediate layer of fine sand and silt that varies from approximately 5 to 20 feet thick occurs

between these two deposits. A similar zone may occur at the base of the glaciolacustrine unit as

well.
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On-site investigations have indicated that local sand or gravel lenses of glaciofluvial origin are

present within the glaciolacustrine unit near its base. However, these lenses do not appear to be

laterally extensive.

A layer of glacial till, up to 10 feet thick, is reported to generally directly overlie bedrock beneath

the Site. However, a gravely sand, ice-contact stratified drift deposit has been documented above

or in place of the till in a few isolated instances.

5.6.2 Bedrock Geology

Bedrock beneath the Site consists of red sandstones and siltstones of the Portland Formation.

Depth to bedrock within the general area is over 300 feet in the area of the main factory complex,

and approximately 30 feet along the eastern property boundary in the Klondike Area (except at

NK-MW-01 in the eastern portion of the North Klondike Area, where bedrock was encountered

at about 12 feet). Near the Connecticut River (west of the Site), depth to bedrock is about 150

feet.

A north-south trending buried bedrock valley underlies the main factory complex. This buried

valley may have been a pre-glacial channel of the Connecticut River. The presence of this buried

bedrock valley has been confirmed by seismic refraction surveys along the airport runway as

well as through well logs for deep monitoring and production wells in the Airport/Klondike Area

and the local East Hartford area. Because of the presence of this bedrock valley, the local surface

of the Portland Formation slopes to the southwest in the Airport/Klondike Area, in contrast to the

regional dip of the Portland which is generally to the east at between 10 degrees and 45 degrees;

that is, the Portland Formation is revealed as a strike slope in the area beneath the

Airport/Klondike Area.

Drawing 5-8 depicts the bedrock surface contours in the general vicinity of the Main Street

facility as estimated from the available data. Data on the elevation of the bedrock surface were

taken from records of available well logs and test holes installed on the Main Street facility and

in the general East Hartford area.

5.7 Site Hydrogeology

The upper zone of the unconsolidated aquifer, which occurs within the stream terrace and

glaciolacustrine silt and sand deposits, is the aquifer zone of greatest interest. This is because of

the shallow occurrence of economic quantities of groundwater for use, its proximity to potential

sources of contamination, and its interconnection with surface water systems. The uppermost
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zone of this unit is largely composed of well-sorted medium to fine sand, with a saturated

thickness generally ranging from 10 to 20 feet. Saturated thicknesses are generally greater

towards the center of the Main Street facility where the stream terrace deposits thicken, and less

in the eastern portion of the Klondike Area where bedrock approaches the ground surface.

The depth to water in the upper zone of the unconsolidated aquifer ranges from approximately 1

to 13 feet below grade. Groundwater flow gradients in this aquifer are quite variable across the

Main Street facility, but are generally gentler in the central portion and steeper in the Klondike

Area (eastern portion) and adjacent to the Connecticut River (western portion).

The upper aquifer is capable providing large volumes of water as evidenced by the numerous on-

site production and dewatering wells. Production wells were installed within or adjacent to the

main facility buildings in 1941. Only three of these wells are currently in operation as

dewatering wells. Thirteen additional production wells were installed in the South Airport Area

and Main Plant Area between 1942 and 1954. Historically, these wells were used as a source of

potable water and process water. The wells associated with the well field were reportedly used

for process water and taken out of service some time between 1989 and 1994. The abandonment

of these wells ill occur in 1999.
A

UJ
In 1966, the combined yield of these production wells was as high as 850 gallons per minute

(gpm). Total pumpage at the plant, including the basement dewatering network during the most

recent water well observation period in the early 1990's, was approximately 535 gpm. During

that event, combined yield of the current basement dewatering network was measured at

approximately 235 gpm.

The glaciolacustrine deposits under the Site consist almost entirely of lake bottom silt and clay,

and are considered to be a confining unit, or aquitard, inhibiting downward flow from the upper

aquifer throughout most of the Site. This consideration is due to the fact that these sediments are

composed of finely-laminated silt and clay which can be up to 270 feet thick, and are laterally

extensive. A slug permeability test conducted in 1990 on a well screened within this unit

indicated a horizontal hydraulic conductivity of 2.3 x 10"6 centimeters per second (cm/sec) (6.5 x

10° ft/day).

The glacial till and ice-contact stratified sediments form a thin, discontinuous layer directly

above the bedrock and, therefore, represent a relatively insignificant hydrogeologic unit. P&W

previously operated a production well, which drew water from a gravely deposit overlying

bedrock. This well was initially completed in bedrock; however, due to low yield, the bedrock
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portion of the well was backfilled with sand. This deep overburden well likely withdrew water

from an ice-contact stratified drift deposit or from a relatively sandy zone within the glacial till.

The bedrock aquifer is not currently used as a water supply by P&W, although it has been in the

past. Three wells were drilled into the bedrock; but only one was used as a bedrock production

well. This well was completed in bedrock and yielded approximately 220 gpm on a continual

basis from 1939 until about 1966. The portion of this well below the stream terrace deposits was

subsequently filled in, when the pump shaft broke within bedrock. The well was then screened

within the stream terrace deposits. Limited information is available on water levels or

groundwater flow in bedrock beneath the Site. Two of these wells were abandoned in August

1996 as discussed previously.

Groundwater flow in the vicinity of the Site generally follows the direction of regional flow,

westerly to the Connecticut River. However, the local groundwater flow direction may be

influenced by various factors. One such factor is the interaction between local surface water

bodies and the groundwater system; a second factor is the influence of manmade features (e.g.,

ditches, ponds, utilities). Groundwater flow patterns indicate that the local surface water

drainage systems, consisting of Willow Brook, Pewterpot Brook, and their respective tributaries,

likely act as groundwater discharge points.

Pewterpot Brook and its tributaries drain the majority of the eastern and southern portions of the

property. The first tributary, designated the Klondike Tributary by Westinghouse, and

designated the East unnamed Tributary to Pewterpot Brook herein, flows within a dug ditch

which runs north-south, adjacent to Perimeter Road, parallel to the easternmost runway. The

second major tributary to Pewterpot Brook, designated the Suntan Tributary by Westinghouse,

and designated the West unnamed Tributary to Pewterpot Brook herein, runs northeast-southwest
and crosses the airport in a buried culvert. This tributary emerges from the culvert at a small

pond which was originally excavated in an effort to increase yields for the adjacent Pewterpot

Brook Well Field in the South Airport Area.

Previous measurements of baseflow in Pewterpot Brook and its tributaries made by

Westinghouse in January 1991 indicated the likelihood that these streams serve as groundwater

discharge areas. In the most recent water level data set, surface water elevations were typically

lower than nearby groundwater levels, further suggesting that the Pewterpot Brook system serves

as a groundwater discharge region. The normal westerly groundwater flow pattern is modified

by apparent discharge to the East Unnamed Tributary to Pewterpot Brook and the West

Unnamed Tributary to Pewterpot Brook on the western edge of the Klondike. Historically,
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production wells on both sides of the lower reaches of Suntan Tributary, probably acted to

artificially lower local groundwater elevations.

5.7.1 Horizontal Groundwater Flow

The horizontal groundwater flow directions within the upper portion of the aquifer in the

Airport/Klondike Area for four events, September 1996, June 1997, November 1997, and April

1998, have been inferred from the water-table elevation measurements. A more comprehensive

discussion of these data and the methods used to collect the measurements is presented in

Technical Memorandum 2 - Water-Level Measurements and Site Survey Data.

Gauging data indicate that groundwater flow in the upper aquifer is typically toward the

southwest, generally toward the Connecticut River. Local groundwater flow directions across

the Site are generally consistent with the expected regional groundwater flow direction, but are

locally influenced to varying degrees by the presence of Pewterpot Brook and its tributaries, and

the drainage system beneath Rentschler Airport. Pewterpot Brook appears to be generally a

gaining stream, receiving groundwater from the upper aquifer over the reach of the stream.

On the November 1997 water-table contour map, the water-table surface appears to be influenced

by relatively high groundwater elevations in the North Airport Area near monitoring well NA-

MW-03. This area historically has had an elevated water level and the data from this monitoring

well is not typically used in constructing water-table contour maps because the water level is

typically above the screened interval of the well.

Aside from the somewhat anomalous water-table contour elevations for November 1997, the

groundwater elevation contours for the Airport/Klondike Area appear to be temporally uniform.

Seasonal variations are typically manifested only in the absolute water-table elevations, however,

the relative elevations remain relatively consistent.

5.7.2 Vertical Hydraulic Gradients

Vertical groundwater hydraulic gradients measure the driving force behind vertical groundwater

flow within an aquifer or between aquifers. Vertical hydraulic gradients in the Airport/ Klondike

Area have been calculated from groundwater elevation measurements in monitoring well clusters

tapping different portions of the upper aquifer. Monitoring well cluster SK-MW-08S/D, in the

South Klondike Area and SA-MW-05S/D in the South Airport Area may be used to estimate

vertical hydraulic gradients in the upper aquifer.
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Vertical hydraulic gradients calculated from water-level measurements made in 1997 indicate

that there is a general downward hydraulic gradient to the groundwater in the upper aquifer in the

South Airport and South Klondike Areas. Although no data exist for the North Airport and

North Klondike Areas, it is reasonable to assume that the same general downward vertical

hydraulic gradients exist as observed in the South Airport and South Klondike Areas.

Vertical hydraulic gradients calculated from the March 1990 data indicate a vertical hydraulic

gradient of approximately 0.011 feet/foot downward at monitoring wells SK-MW-08S/D.

Vertical hydraulic gradients calculated from the November 1991 data indicate a vertical

hydraulic gradient of approximately 0.038 feet/foot downward at monitoring wells SK-MW-

08S/D. Vertical hydraulic gradients calculated from the June 1997 data indicate a vertical

hydraulic gradient of approximately 0.015 feet/foot downward at monitoring wells SK-MW-

08S/D and 0.041 feet/foot downward at monitoring wells SA-MW-05S/I. Vertical hydraulic

gradients calculated from the November 1997 data indicate a vertical hydraulic gradient of

approximately 0.018 feet/foot downward at monitoring wells SK-MW-08S/D and 0.039 feet/foot

downward at monitoring wells SA-MW-05S/I.

5.7.3 Hydraulic Conductivity Testing

Hydraulic conductivity testing, in the form of slug/bail testing, has been conducted on various

monitoring wells in the Airport/Klondike Area. This testing was conducted in March 1990 on

ten monitoring wells in the Airport/Klondike Area by Westinghouse and analyzed by Fuss &

O'Neill. The monitoring wells tested were NK-MW-01, NK-MW-04, SA-MW-01, SK-MW-01,

SK-MW-02, SK-MW-04, SK-MW-07, SK-MW-08S, SK-MW-08D, and a well identified as

CW-2-A, which has not been correlated with an existing monitoring well. Testing was

conducted on fifteen additional monitoring wells in December 1991 and January 1992 by Haley

& Aldrich, Inc. The monitoring wells tested were NA-MW-01, NA-MW-04, NK-MW-03, NK-

MW-04, NK-MW-06, SA-MW-01, SA-MW-04, SA-MW-05S, SA-MW-05I, SK-MW-05, SK-

MW-08S, SK-MW-10, SK-MW-11, SK-MW-12, and SK-MW-13.

The monitoring wells tested are all in the upper portion of the aquifer, with the exception of

monitoring well SK-MW-08D, which is screened within the glaciolacustrine sediments. The

results of the hydraulic conductivity testing in the upper portion of the aquifer, generally native

and reworked stream terrace deposits, indicated horizontal hydraulic conductivity values of 0.45

to 54 feet/day. These values are consistent with published values for the range of hydraulic

conductivity data of 8.2 to 150 feet/day. Specific information regarding the hydraulic
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Vertical hydraulic gradients calculated from water-level measurements made in 1997 indicate"'

that there is a general downward hydraulic gradient to the groundwater in the upper aquifer^mthe

South Airport and South Klondike Areas. Although no data exist for the North Airport and

North Klondike Areas, it is reasonable to assume that the same general downward vertical

hydraulic gradients exist as observed in the South Airport and South Klondike/Areas.

Vertical hydraulic gradients calculated from the March 1990 data indicate a vertical hydraulic

gradient of approximately 0.011 feet/foot downward at monitoring wells SK-MW-08S/D.

Vertical hydraulic gradients calculated from the November 1991 data indicate a vertical

hydraulic gradient of approximately 0.038 feet/foot downward at monitoring wells SK-MW-

08S/D. Vertical hydraulic gradients calculated from the June 1997 data indicate a vertical

hydraulic gradient of approximately 0.015 feet/foot downward at monitoring wells SK-MW-

08S/D and 0.041 feet/foot downward at monitoring w^lls SA-MW-05S/I. Vertical hydraulic

gradients calculated from the November 1997 dati/indicate a vertical hydraulic gradient of

approximately 0.018 feet/foot downward at monitoring wells SK-MW-08S/D and 0.039 feet/foot

downward at monitoring wells SA-MW-05S/I. /

5.7.3 Hydraulic Conductivity Testing

Hydraulic conductivity testing, in the form of slug/bail testing, has been conducted on various

monitoring wells in the Airport/Klondike Area. This testing was conducted in March 1990 on

ten monitoring wells in the AirportfKlondike Area by Westinghouse and analyzed by Fuss &

O'Neill. The monitoring wells tefted were NK-MW-01, NK-MW-04, SA-MW-01, SK-MW-01,

SK-MW-02, SK-MW-04, SK-JflW-07, SK-MW-08S, SK-MW-08D, and a well identified as

CW-2-A, which has not been correlated with an existing monitoring well. Testing was

conducted on fifteen additional monitoring wells in December 1991 and January 1992 by Haley

& Aldrich, Inc. The monitoring wells tested were NA-MW-01, NA-MW-04, NK-MW-03, NK-

MW-04, NK-MW-06,/A-MW-01, SA-MW-04, SA-MW-05S, SA-MW-05I, SK-MW-05, SK-

MW-08S, SK-MW-1/SK-MW-11, SK-MW-12, and SK-MW-13.

The monitoring wells tested are all in the upper portion of the aquifer, with the exception of

monitoring wel/SK-MW-OSD, which is screened within the glaciolacustrine sediments. The

results of the llydraulic conductivity testing in the upper portion of the aquifer, generally native

and reworkea stream terrace deposits, indicated horizontal hydraulic conductivity values of 0.45

to 54 feet/^ay. These values are consistent with published values for the range of hydraulic

conductivity data of 8.2 to 150 feet/day.
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conductivity testing is provided in TM 1, Monitoring Well Installation And Development And

Soil Sampling.

The horizontal hydraulic conductivity value for the glaciolacustrine sediments, interpreted from

the aquifer testing data from monitoring well SK-MW-08D, was estimated as 0.0066 feet/day.

This value is consistent with published values for clay and silt sediments of 0.000001 to 0.1

feet/day.
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4. QUALITY ASSURANCE/QUALITY CONTROL AND DATA MANAGEMENT

During the course of the investigation activities performed at the Site during the period from

January 1996 through November 1997, a significant amount of data was obtained. Likewise,

historical environmental investigations conducted throughout the Airport/Klondike Area have

resulted in a significant amount of additional data. These data included analytical data on soil,

groundwater, soil vapor, concrete chip, surface water, and sediment samples, geologic boring

logs, monitoring well construction logs, field activities documentation, sample tracking

documentation, and other documentation associated with the sample collection and analyses.

During the course of the field investigation activities, the need to maintain accurate and complete

documentation of each phase of the investigation was a paramount concern. Included in this

section is a description of the activities undertaken to document, manage, validate, verify,

organize, and present the data compiled during the investigation activities performed to date.

This section has been organized to present those activities performed by field personnel with a

consistent, appropriate set of standard operating procedures (SOPs) to provide guidance on

conducting field operations. By conducting field operations in a consistent manner, the

analytical data generated are more comparable between various phases of the investigation. Next

is presented a discussion of activities conducted to document the record of investigation activities

performed in the field and discuss the quality assurance/quality control (QA/QC) tasks performed

in the field. These discussions are followed by a description of the activities undertaken by

personnel in the office to ensure the necessary data had been accumulated, that the data had been

properly managed, tracked, validated, verified, entered into the database repository, and at the

conclusion of the investigation, filed for future use.

In general, as the maturity of the environmental investigations has increased, so has the level of

QA/QC. Some of the QA/QC discussion presented in this section is relevant only to later

portions of the investigation. In most cases, however, these processes have been applicable to

the full investigation, including many of the historical investigations.

4.1 Standard Operating Procedures

4.1.1 General

Prior to conducting the Airport/Klondike investigation, SOPs had been developed for several of

the most common procedures associated with the monitoring, sampling, and analysis of various

4-1
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media for environmental investigations. Development of these SOPs has taken into account the

need for precision, accuracy, completeness, representativeness, and comparability of data.

Although it is understood that there are limits on data accuracy and precision that are inherent in

the collection and analysis of samples and in the operation of measuring devices, adherence to

standard procedures will increase consistency and the level of confidence with which the data

collected is evaluated. Data collected under standard procedures can also be used more reliably

in comparing results over time on a given project or from other projects or to published

information.

Data evaluation is also dependent upon the representativeness of the samples or measurements

collected and the completeness of information associated with collection of the data. Collection

and measurement techniques identified in the SOPs have been designed to take these factors into

account, thus increasing the level of confidence that can be placed in the data.

Understanding that adherence to standard operating procedures is imperative for the successful

completion of any project, there will be instances where exceptions to the SOPs must be made to

obtain reliable data. When exceptions are made, documentation of both the situation requiring

deviation and the actual deviation in procedure was recorded in the field documentation.

4.1.2 Development of Standard Operating Procedures

Each SOP was developed by personnel experienced in the performance of the specific activity.

At least two senior-level people, one an officer of the company, reviewed the SOP to ensure that

the identified procedures satisfy the stated objectives and that the prescribed procedures are

technically correct, appropriately applied, and in conformance with applicable regulatory criteria

and standard practices. These individuals signified their approval by signing and dating the SOP.

Standard Operating Procedures for the following activities have been included in Appendix of

the "Voluntary Corrective Action Program Work Plan, Pratt & Whitney, Connecticut Facilities"

(VCAP Work Plan):

• Soil Sampling

• Surface Water and Sediment Sampling

• Geoprobe® Probing and Sampling

• Geoprobe® Screen-Point® Groundwater Sample Collection

• Hollow Stem Auger Soil Borings

• Geologic Logging of Unconsolidated Sedimentary Materials
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• Monitoring Well Installation

• Liquid Sample Collection and Field Analysis

• Soil Vapor Surveying

• Quality Assurance/quality Control Measures for Field Activities

• Operation of the Portable Gas Chromatograph

• Sample Management Associated With the LEA Analytical Laboratory

4.2 Field Quality Assurance Procedures

4.2.1 Use and Maintenance of Field Equipment and Instrumentation

All field equipment and instruments were operated and maintained in a manner that is consistent

with the manufacturer's recommended practices. Any deviations from standard use of the

equipment or required repairs or adaptations made in the field were noted in the Field Record

and/or field logbook. Operation and maintenance manuals for all equipment were kept in a

single location that was known and accessible to all personnel that would be likely to use the

equipment.

Field personnel either returned equipment in a condition that permitted its optimal use on the

following day of field operations, or notified the appropriate personnel so that

repairs/replacements could be arranged in an expedient fashion. The use of expendable

equipment was recorded and reported to authorized personnel so replacements could be ordered

in a timely manner and an adequate supply was always available.

Prior to starting a particular field investigation, the field services manager or designated

personnel ensured that adequate supplies and equipment were available for project completion.

It was the responsibility of field personnel to inform the field services manager, or other

authorized personnel, that supplies were depleted and that re-ordering was necessary.

4.2.2 Calibration Procedures and Frequency

Instruments and equipment were calibrated with sufficient frequency, and in such a manner, that

accuracy and reproducibility of results were consistent with the appropriate manufacturer's

specifications or project-specific requirements. Calibration was performed at intervals

recommended by the manufacturer or more frequently, as conditions dictated. Field instruments

that required calibration included: pH, specific conductance, and dissolved oxygen meters;

turbidity meter; organic vapor analyzers; explosive gas/oxygen meters; velocity meters; and

portable gas chromatographs.
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Documentation and results of instrument calibration was recorded on the Instrument Calibration

Check Form. This form, one of the field forms that was completed for each day the equipment

was used, was used to record calibration data or each instrument at the beginning of each day of

use and, where appropriate, at the end of each day of use (except as noted in the manufacturer's

instructions). Documentation of calibration that was performed for instruments such as pH

meters, dissolved oxygen meters, organic vapor analyzers, and portable gas chromatographs was

recorded on field documentation forms, analytical records, or other appropriate daily record of

activities. Instrument-specific calibration requirements were included in the appropriate SOPs.

Calibration of health and safety equipment was included in the Health and Safety Plan.

4.3 Sample Tracking, Collection, and Preservation

Field sample tracking activities focused on the assignment and tracking of information relevant

to field samples collected during the investigation activities. This information included sample

identifiers, sample locations, chain-of-custody information, and sample characteristics. Specific

sample tracking procedures employed during the investigation activities were the same as those

detailed in the VCAP Work Plan.

Samples collected during the investigations were designated using the procedures discussed

below. In general, sample identification information included the following:

• Site location;

• Date and Time;

• Sample matrix;

• Sample type;

• Sample point number; and,

• Sample depth interval (where applicable).

Field sample tracking activities focused on the timely and accurate tracking of sample identifiers,

chain of custody information, sample station identifiers, sample characteristics, sample locations

and milestone dates. This information was transmitted from field to office personnel through the

daily field summary sheets and other project information tracking forms. Daily field summary

sheets were completed by each field team leader. The daily field summary sheet detailed the

daily activities conducted by the staff and contractors, hours logged by staff and contractors,

problems encountered, general field observations, and samples submitted for analyses. Field

summary sheets and project information tracking forms were submitted to the field activities
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coordinator at the end of each working day or as soon thereafter as possible. The summary

sheets and forms, in turn, were placed in the central file.

Field Team Leaders completed, on a daily basis, a daily log sheet, which at a minimum detailed

the people working in a given area, the hours worked, the tasks performed, the number and

matrix of samples collected, and the number and matrix of samples shipped for analysis. The

daily log sheets were submitted to the field activities coordinator.

Field sample tracking included the following tasks:

• Assignment of sample identification numbers and other sample identifiers to new

samples to be taken, and entry to a tracking system;

• Production of sample bottle labels from the tracking system;

• Completion of Chain-of-Custody forms, and entry of this information to the tracking

system;

• Entry of additional tracking dates to the tracking system;

• Quality assurance checking of the sample tracking information, and processing of

change requests; and,

• Production of tracking reports and summary sheets, with distribution to appropriate

project staff.

A computer-based sample-tracking system, based on a dBase® database computer program, was

used for sample tracking.

4.3.1 Field Sample Collection Procedures

During the investigation activities conducted from approximately January 1996 through

November 1997 all samples of the various environmental media at the Site were collected in

accordance with the Standard Operating Procedures provided in the VCAP Work Plan.

4.3.2 Sample Labeling and Custody

Prior to sample collection, project-specific sample numbers were obtained, and labels completed

with all required information, as noted in the sample collection SOPs. Each sample was labeled

using waterproof ink on a computer-generated label, and sealed immediately after collection. At

a minimum, each sample label had the following information:

• project number;
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date;

sample number;

time of sample collection; and,

any preservatives used. /

In order to ensure accurate identification of all sample containers, sample labels and tags needed
7 / vr'-V'

to remain firmly affixed to the sample container. The sampler yere responsible jo ensure that the

sample container was dry enough for the label to remain securely attached, or use a suitable

transparent adhesive tape when the adhesive labels were not applicable or there was any question

as to whether the gummed label would be secure.

All sampling information was recorded on the field sampling records. Written chain-of-custody

procedures were followed whenever samples are collected, transferred, stored, analyzed, or

destroyed. The objective of these procedures was to create an accurate written record that could

be used to trace the possession and handling of the samples from its collection through analysis.

A sample was determined to be in someone's "custody" under any of the following conditions:

• it was in one's actual possession;

• it was in one's view, after being in one's physical possession;

• it was placed and kept in a locked location after being in one's physical possession; or

• it was kept in a secured area that was restricted to authorized personnel only.

Each time sample custody changed hands, the chain-of-custody form was updated to indicate that

change. All efforts were made to limit the number of people involved in the collection and

handling of samples.

4.3.3 Field Documentation

Field logbooks or notebooks were used to record general field data collection activities or

pertinent field observation or occurrences. Field logbooks or notebooks consisted of loose-leaf

field-documentation forms completed daily by field crews and assembled in binders for

preservation and reference. Entries were made in waterproof ink and each page was

consecutively numbered for each sampling day. Each daily entry included the following

information:

• name of person recording information;

• names of all field personnel;

• project name and number;
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• date;

• start and end times;

• weather conditions;

• equipment used;

• samples collected;

• field parameters measured; and,

• equipment calibration performed.

Other information that was recorded in the field logbook included the level of personal protective

equipment used, difficulties, accidents, incidents, equipment problems or malfunctions, or

deviations from the work plan.

Any corrections made in the field logbook were crossed out, not erased, and initialed by the

person making the correction. Each page of the logbook was signed by the person responsible

for recording information on that day. All lines on a page, and all pages, were used.

4.3.4 Field Sampling Quality Assurance

Several QA samples were collected to confirm the reliability and validity of the field data

gathered during the course of the investigations. Field duplicate samples were used to provide a

measurement of the consistency of samples from the same sampling station and an estimate of

variance and bias. Trip and equipment blanks were used to provide a measurement of cross-

contamination sources and decontamination efficiency, respectively. Quality assurance

procedures for field measurements were addressed through various SOPs and field protocols.

4.3.4.1 Field Duplicate Samples

During the Site investigation, an attempt was made to select one duplicate sample per 20 samples

submitted for analysis at either the LEA Analytical Laboratory or at the off-site analytical

laboratory. Soil samples were collected from soil borings advanced with the Geoprobe® during

the majority of the focused soil sampling investigations. In many cases, the volume of sample

required for the analysis of a field duplicate sample pair at the off-site analytical laboratory

exceeded the volume of soil recovered from each 2-foot sampling interval and no duplicate

sample for the off-site analytical laboratory could be collected. However, due to relatively low

volume required, adequate soil volume was typically recovered to collect a field duplicate sample

for analysis at the LEA Analytical Laboratory.
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A summary listing of duplicate soil samples analyzed during the Site investigations is presented

as Table 4-1. Table 4-1 summarizes the location identifier at which the duplicate sample pair

was collected, the unique sample identification numbers for the duplicate sample pair, the sample

date, and the depth interval from which the duplicate sample pair was collected. Table 4-2

presents a list of the analytical data by individual constituent for which each duplicate soil

sample was analyzed and the relative percent difference (RPD) for each compound detected in

the duplicate sample pair.

As noted in Section 3, groundwater samples were collected from onsite groundwater monitoring

wells during events conducted since approximately 1990. In addition, groundwater was also

collected from selected soil boring locations using a Geoprobe® Screen-Point® ground water

sampling system. In contrast to the focused soil sampling activities, adequate groundwater

sample volume was available to collect and analyze field duplicate groundwater sample pairs at

an off-site analytical laboratory. Field duplicate groundwater samples were collected from

randomly selected groundwater monitoring wells during each of the two sampling events. A

summary listing of the field duplicate groundwater samples analyzed by an off-site analytical

laboratory during the Site investigations is presented as Table 4-3. Table 4-3 is similar in format

to Table 4-1 and summarizes the location identifier at which the field duplicate sample pair was

collected, the unique sample identification numbers for the duplicate sample pair, the sample

date, and the screened interval for the groundwater monitoring well from which the field

duplicate sample pair was collected. Table 4-4 presents a list of the analytical data by individual

constituent for which each duplicate groundwater sample pair was analyzed and the RPD for

each compound detected in the duplicate sample pair.

A review of the analytical data for field duplicate samples analyzed by both the off-site analytical

laboratories and the LEA Analytical Laboratory indicated that the relative percent difference

between the data were generally within acceptable levels.

4.3.4.2 Blank Samples

Two types of blank samples, trip and equipment, were utilized during the investigation activities

at the Site. A summary of all quality assurance blank samples analyzed during the Site

investigations is provided as Table 4-5. A summary listing of constituents detected in each of the

blank samples is provided as Table 4-6.

Trip Blank Samples: Trip blanks were collected each day for which samples were collected for

analysis for the presence of volatile organic compounds (VOCs). Separate trip blanks were
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collected for each sample cooler used to transport samples collected for VOC analyses.

Additionally, separate trip blanks were always collected for the LEA Analytical Laboratory and

for the off-site analytical laboratory. Trip blanks were analyzed at an approximate rate of one

sample per 20 samples submitted for VOC analysis. For example, if over a two day period a

total of 54 soil samples were collected and submitted to the LEA Analytical Laboratory for

analysis and 19 of these soil samples were selected for off-site analysis at Quanterra

Environmental Services (QNT), a trip blank from each of the two days would be analyzed in

LEA Analytical Laboratory and a trip blank for one of the sampling days would be analyzed at

QNT.

Trip blank samples are identified in Tables 4-5 and 4-6 by a sample class of BKT. Volatile

organic compounds were detected in 6 of the 204 trip blank samples analyzed by the LEA

Analytical Laboratory. Volatile organic compounds were detected in 8 of the 108 trip blank

samples submitted to the off-site analytical laboratories.

Equipment Blank Samples: Equipment blanks were obtained each day sampling activities were

conducted at the Site and were collected for each environmental media sampled on that day. For

example, if on a given day soil vapor, soil, and groundwater samples were collected, three

separate equipment blanks were collected. Equipment blanks were submitted for analysis at the

approximate rate of one per 20 samples of a given media submitted for analysis.

Equipment blank samples are identified in Tables 4-5 and 4-6 by sample class BKE. Volatile

organic compounds were detected in 4 of the 205 equipment blank samples submitted to the LEA

Analytical Laboratory for analysis. Volatile organic compounds were detected in 26 of the 79

equipment blank samples submitted to the off-site analytical laboratories for analysis. In

addition to the VOCs detected, SVOCs, target metals and TPH were also detected in selected

equipment blanks submitted to the off-site analytical laboratories.

4.3.4.3 Field Measurements

Field measurements, including those for pH, oxidation/reduction potential, dissolved oxygen,

specific conductance, and temperature, are subject to QA considerations even in instances where

sample collection may not have been performed. The primary QA objective for field

measurements is to obtain reproducible measurements with a degree of accuracy consistent with

the limitations of the analytical techniques and with the intended use of the data. Procedures for

field measurements, equipment calibration (where appropriate), and equipment maintenance

were discussed in the appropriate SOPs for each sample collection activity.
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4.3.4.4 Sample Preservation

Appropriate sample preservation techniques assure that samples are maintained in a state in

which analytes are not subjected to biological, chemical, or physical degradation, alteration,

volatilization, or other physical loss, prior to the analytical process. Sample preservation

techniques employed during the environmental investigations in the Airport/Klondike Area were

consistent with the guidelines presented in Test Methods for Evaluating Solid Waste SW-846,

Third Edition, December, 1986.

Sample preservation for soil samples destined for submission to off-site analytical laboratories

consisted of maintaining the samples in sealed containers in coolers maintained at approximately

4° C. Soil samples destined for submission to the LEA Analytical Laboratory were placed into

glass vials and submerged in pre-acidifed water to maintain a pH of approximately 2. These

samples were also placed in coolers maintained at approximately 4° C. Specific containers and

preservation techniques for soil samples are presented in Table 4-7.

Groundwater samples were preserved by various methods depending upon the specific analyte or

group of analytes for which the sample was being analyzed. Specific containers and/or chemical

preservation techniques for groundwater samples are presented in Table 4-7.

4.3.5 Chain-of-Custody

As noted above, soil vapor, soil, and groundwater were collected during investigation activities

conducted at the Site. These samples were collected for the purpose of characterizing the nature

and delineating the extent of contamination at the Site. Chain-of-custody procedures were used

to maintain and document sample possession from collection through analysis. For this reason,

the possession of samples was traceable from the time the samples were collected until they were

analyzed. The following documents identified samples and document possession:

• Sample labels;

• Chain-of-Custody record forms; and,

• Field Documents, including field sampling records, boring logs, monitoring well

construction logs, and groundwater sampling records.

The field sampler was responsible for the care and custody of the samples collected until they

were hand delivered to the laboratories under chain-of-custody procedures.
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4.3.6 Sample Shipping

Following sample collection, the filled sample containers were placed in coolers packed

appropriately to avoid bottle breakage. Either freezer packs, or ice packed in zip-locked bags or

plastic containers were placed in the coolers to keep the samples at a temperature not exceeding

4°C during transport to the laboratories.

Samples were hand-delivered and relinquished to the LEA Analytical Laboratory by LEA

personnel at the end of each the sampling day. Samples submitted to off-site analytical

laboratories were hand-delivered when appropriate, or packaged and shipped by next-day courier

when the destination laboratory was not local.

Sample coolers destined for commercial shipping to the off-site analytical laboratories were

packaged to avoid damage to sample containers, packed with a suitable volume of ice and sealed.

Chain-of-custody forms were sealed inside the cooler and custody seals were used to assure

sample integrity until receipt by the analytical laboratory.

4.3.7 Decontamination

Decontamination procedures are described in applicable SOPs presented in Appendix of the

VCAP Work Plan. These procedures were designed to avoid cross-contamination between

samples, the transport of contaminated material between on-site locations, and the transport of

contaminated material from off-site locations to the Site, or from the Site to the off-site locations.

As described in Section 4.3.4.2, equipment blank samples were collected to confirm the

efficiency of decontamination procedures.

4.4 Data Quality Objectives

Data Quality Objectives (DQOs) are quantitative and qualitative statements specifying the

quality of the environmental data required to support the decision-making process.

Understanding the intended use of the data and analytical capability is an essential aspect of the

development of the DQOs, since the DQOs define the uncertainty in the data that is acceptable

for each specific sampling activity. This uncertainty includes both sampling error and

instrumental measurement error. Although zero uncertainty would be the ideal, the variables

associated with the collection and analysis process, in both the field and the laboratory, make this

ideal unattainable. Understanding this, the objective of the quality assurance program is to keep

the total uncertainty within an acceptable range that will not hinder the intended use of the data.
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4.4.1 Data Quality Requirements

To ensure that the data collected met the DQOs, many types of field and laboratory QC samples

were required. These samples included field blanks, trip blanks, laboratory method blanks, field

and laboratory duplicates performance evaluation program samples, matrix spikes, and

calibration and check standards. Analytical data from the Airport/Klondike Area investigation

was evaluated for the parameters presented in the following sub-sections.

4.4.1.1 Accuracy and Precision

Accuracy is a measure of the agreement between an experimental result and the true value of the

parameter being analyzed. Sources of error that may contribute to poor accuracy include:

• laboratory error;

• sampling inconsistency;

• field and/or laboratory contamination;

• sample handling;

• matrix interference; and,

• preservation;

Sample preparation and analytical accuracy can be determined using known reference materials,

or matrix spikes. Matrix spikes are added into the actual sample matrix or the laboratory's

surrogate distilled and/or deionized water. By plotting the results of the matrix spike on control

charts, a true picture of the process of sample analysis is obtained. This information, used in

conjunction with matrix spike recoveries, aids in determining whether out-of-control conditions

are due to laboratory problems or sample matrix problems. Laboratory performance is also

measured by spiking with surrogate compounds prior to sample preparation.

Accuracy can be expressed as the percent recovery (%R) as determined by the following

equation:

%R = [(SSR-SR)/SA] x 100

where: SSR = spiked sample result

SR = sample result (native)

SA = spike added

Precision is the measure of agreement or repeatability of a set of replicate results obtained from

repeat determinations made under the same conditions. The precision of a duplicate
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determination can be expressed as the relative percent difference (RPD) as determined by the

following equation:

RPD = [(X,-X2)/(X, +X2)] x 200

where: X, = first replicate value

X2 = second replicate value

For a given laboratory analysis, the replicate RPD values are tabulated, and the mean and

standard deviation of the RPD are calculated. Control limits for precision are usually plus or

minus 2 standard deviations from the mean. Laboratory precision limits for the analytical work

were those presented in Table 4-8.

Accuracy and precision were monitored by using field duplicate/replicate, matrix spike, and

matrix spike duplicate samples. Acceptable limits for those parameters are presented in Table 4-

8. These data alone cannot be used to evaluate the accuracy and precision of individual samples,

but were used to assess the long-term accuracy and precision of the analytical method.

4.4.2 Representativeness

Representativeness is the degree to which sample data accurately, and precisely, represent

parameter variations at a sampling point. Otherwise stated, representativeness is a measure of

how closely the measured results reflect the actual distribution and concentration of certain

constituents in the medium sampled. Sample collection and handling procedures are described in

the SOPs presented in Appendix . Documentation of field and laboratory procedures was used to

establish that protocols had been followed and that sample identification and integrity had been

maintained. These procedures helped generate samples that were as representative as possible.

4.4.3 Completeness

Completeness is defined as the percentage of analytical measurements that are judged to be valid.

Percent completeness is calculated as the number of valid analyses divided by the total number

of analyses performed, multiplied by 100. The completeness objective for this project was to

obtain valid analytical results for a minimum of 85 percent of the samples collected.

4.4.4 Comparability

Comparability expresses the confidence with which one data set can be compared with another

data set from a different sampling phase or from a different program. Comparability involves a
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composite of the above parameters, as well as design factors such as sampling and analytical

protocols. An acceptable level of comparability can be accomplished through the consistent use

of accepted analytical and sampling methods. The comparability criterion becomes important if

more than one field team is collecting samples or if more than one laboratory is analyzing the

samples.

4.4.5 Detection Limits

The detection limits for the analytical methods are as defined by Test Methods for Evaluating

Solid Waste SW-846, Third Edition, December, 1986 and Standard Methods for the Examination

of Water and Wastewater, 16th Edition, 1985.

4.4.6 Performance Evaluation Program

To ensure that environmental data collection activities resulted in the delivery of analytical data

of known and documented quality that was suitable for its intended use, single and/or double

blind Performance Evaluation (PE) samples, obtained from commercial vendors, were used

during the project. Use of the PE samples was in general accordance with EPA Region I

Performance Evaluation Program Guidance, dated July 1996.

The EPA Region I PE Program serves three major functions:

• To identify a community of technically capable laboratories during laboratory pre-

award evaluations;

• To evaluate the performance of analytical laboratories over a period of time; and,

• To provide information on a laboratory's ability to accurately identify and quantitate

analytes of interest during the period of sample preparation and analysis.

The following PE Program requirements were used during the Airport/Klondike investigation:

• One single or double blind PE sample was used for each sample matrix, analysis

parameter, and concentration level for each Sample Delivery Group (SDG) that was

sent to a laboratory. An SDG is defined as a group of 20 or fewer field samples

within a project, received over a period of up to 14 calendar days. The PE samples

were counted as field samples in the SDG total 20 samples.

• PE samples were required for all analytical testing when they are available from

commercial vendors in the appropriate matrix and at the proper concentration level.
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Additionally, PE samples contained as many target analytes as possible, but always

contained at least one of the target analytes, when possible, a contaminant of concern

at the site.

For soil/sediment/solid sampling events where the only aqueous samples were equipment and/or

trip blanks, an aqueous PE sample was included when a soil/sediment/solid PE sample did not

exist from a commercial vendor for that analytical parameter.

4.5 Documentation

As noted above, the need to maintain accurate and complete documentation of each phase of the

investigation was a paramount concern. As a result, each phase of the investigation was

documented in the field and the field documentation was then reviewed to ensure all necessary

data had been obtained. The following documentation procedures were performed during the

investigation activities conducted at the Site.

4.5.1 Survey

A series of relative location surveys were performed during the course of the investigation

activities. The intent of the initial survey was to locate each of the sample points as depicted in

the VCAP Work Plan. Following the installation or the performance of sampling at a given

location, a subsequent survey was performed to locate the sample point. This subsequent survey

was performed to identify any adjustments in the location of the sample point required due to

limitations encountered during installation.

All sample locations installed during the period from January 1996 through November 1997

were field located by an instrument survey referenced to a known horizontal and vertical datum.

In addition, the groundwater monitoring wells installed during previous investigations at the Site

were field located by instrument survey. In order to maintain consistency with previous site

survey data, the horizontal and vertical data utilized in the Site survey activities were referenced

from existing monitoring wells at the Site. All elevations have been referenced to the National

Geodetic Vertical Datum of 1929 (NGVD 29). All survey information used to locate sampling

points and other pertinent features on the Site were transferred to AutoCAD® drawings which

served as the base maps for data presentation in this report.
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4.5.2 Sample Location Identification

Samples were designated using the procedures described in the SOPs included in the VCAP

Work Plan. In general, sample identification information included the following:

• Sample location (i.e., North Airport, North Klondike, etc.);

• Sample type (i.e. soil boring, monitoring well, vapor probe, etc.); and

• Sample point number.

Monitoring wells, as well as piezometers, stream gauges, surface water and sediment sampling

locations, and soil borings, have been provided with location identifiers using a systematic

method to prevent duplication of location identifiers. Because of the large areas involved, the

study areas that encompass the Airport/Klondike Area include the North and South Airport Areas

and the North and South Klondike Areas. All monitoring and sampling locations have been

given a location identifier based on their location in the Airport/Klondike Area, the type of

sampling or monitoring location, and finally a sequential numeric identifier based upon the

specific type of location.

The system of location identifiers provides a relatively easy means of finding the referenced

locations on site maps. All parts of the P&W East Hartford facilities, including the Andrew

Willgoos Gas Turbine Laboratory, the Colt Street facility, and Main Street facility, have been

divided into twenty-nine study areas. Each of the study areas has been assigned two-letter

identifiers based upon the common name for the area. These two-letter designations are

presented in Table 4-9.

In addition, each type of sampling location has been assigned a two-letter designation to identify

the major sample type for a given sampling location. The two-letter designations for the various

types of sampling locations are also presented in Table 4-9.

4.5.3 Daily Field Summary Reports

During each day of field activities, a record of the events was prepared in the field. This record

is referred to as a Daily Field Report and, as appropriate, would include a summary of the daily

activities, a field instrumentation and quality assurance record, a field sampling record, chains-

of-custody for all samples submitted for analysis, and field-prepared boring logs, well

completion logs, or test-pit excavation logs.
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4.5.4 Field Measurements

Field measurements collected on the Site included physical data (e.g., pH, temperature, dissolved

oxygen, specific conductance, well depths, and depth to groundwater). Measurements were

recorded in the field and transferred manually from the field data sheets contained in the Daily

Field Report to the electronic database. The electronic database is described in greater detail in

the following parts of this section. Field sampling information check sheets were printed from

the database each day. These check sheets were compared against the corresponding field

records and any necessary corrections were forwarded to data management personnel.

4.5.5 Geologic Information Records

Soil boring logs, test-pit excavation logs, and well completion logs are the basic forms for

recording geologic information obtained during the investigation activities conducted at the Site.

Soil samples from borings advanced across the Site for the purposes of the environmental setting

investigation and for assessing the nature and delineating the extent of contamination were

classified and logged. Soils were described in accordance with a modified Burmister soil

classification system, which was presented in the appropriate SOP in the VCAP Work Plan. All

hand-written boring logs were subsequently typed for ease of review.

The data presented in individual boring logs was used for various types of presentation, as

appropriate. Copies of the typed soil boring logs, and well completion logs for groundwater

monitoring wells installed during the course of the investigations described herein are included in

Technical Memoranda (TM) 1, Monitoring Well Installation And Development And Soil

Sampling, and TM 5 Soil Boring Installation And Soil Sampling. Typed test-pit excavation logs

for test-pit excavations are provided in TM 10, Test Pit Installation and Soil Sampling.

Limited soil boring and well construction data was included in the boring information and

sample information portions of the electronic database for the Site. Boring logs included such

information as lithology, blow counts (if appropriate), sample collection information, and field

VOC screening results. Sample collection information such as depths and photo ionization

detector (PID) screening data included on the field soil boring sampling records were manually

entered into the electronic database. Monitoring well information such as the screened interval

and selected construction details was also entered manually.
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4.5.6 Samples Submitted for Laboratory Analysis

As outlined in the SOPs included in the VCAP Work Plan, samples collected and submitted to

the laboratory for analysis (either physical or chemical analysis) were appropriately labeled and

logged on Chain-of-Custody forms. Copies of completed Chain-of-Custody records for samples

submitted for analysis or archiving were submitted to the Project Manager at the end of each

working day.

In the case of samples collected during the contaminant delineation phase of the investigation,

the sampling methodology was based on an understanding of the potential contaminant release

pathways for a given environmental unit, a review of materials encountered at each soil boring

location, and a review of screening data from the LEA Analytical Laboratory. Because not all of

this information was available at the time of sample collection, selection of samples for analysis

at the off-site analytical laboratories could not be performed in the field. To accomplish the task

of sample selection and to maintain the Chain-of-Custody control for all samples collected, all

soil samples were submitted under proper Chain-of-Custody control to both the off-site

analytical laboratories and the LEA Analytical Laboratory. All soil samples were first screened

for the presence of select VOCs in the LEA Analytical Laboratory in accordance with the VCAP

Work Plan. For analysis performed at the off-site analytical laboratories, a Sample Selection

Form was completed by the Project Manager to identify only those samples to be analyzed. The

remainder of the samples, which were not analyzed by the off-site analytical laboratories, were

identified for disposal.

4.5.7 GC/VOC Screening Results

In order to screen soil samples to aid in sample selection and evaluation of contaminant

distribution in areas where VOCs were suspected to be present, analysis was conducted at the

LEA Analytical Laboratory for select VOCs using a portable gas chromatograph. Analytical

results were reported by the laboratory in both hard-copy and electronic formats. Paper copies of

laboratory reports were generated from the Laboratory Information Management System (LIMS)

by the LEA Analytical Laboratory. When they were verified by the Laboratory Manager, the

data were transmitted electronically to the analytical information portion of the electronic

database.

The results of daily screening for target VOCs by the LEA Analytical Laboratory were

maintained in an electronic database as discussed in the following parts of this section. Initial

draft laboratory analysis summary sheets were submitted to the LEA Project Manager within a
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day of the analysis for review and use by project personnel. These draft summaries were

considered when selecting samples for analysis at the off-site analytical laboratories and were

filed in the project notebooks.

4.5.8 Laboratory Analytical Results

In addition to the analysis for the presence of select VOCs in soil, groundwater, and blank

samples performed at the LEA Analytical Laboratory, analysis for VOCs, SVOCs, Site-specific

target metals, physical characteristic parameters, and TPH were performed by the off-site

analytical laboratories. The analytical results from the off-site analytical laboratories were

delivered in both paper and electronic formats to the Project Manager. After documentation of

receipt of the results, the electronic format was sent to the Database Manager for incorporation

into the electronic database.

4.6 Data Validation

With the exception of soil and groundwater samples collected prior to approximately May 1997,

all analytical data for soil and groundwater samples analyzed by the off-site analytical

laboratories were subjected to validation by the LEA Analytical Laboratory staff. Data collected

prior to approximately May 1997 were not validated.

The basis of the validation was the USEPA Contract Laboratory Program National Functional

Guidelines for Organic Data Review (EPA-540/R-94/012) and USEPA Contract Laboratory

Program National Functional Guidelines for Inorganic Data Review (EPA-540/R-94-013).

However, these guidelines were modified to incorporate method and project-specific criteria

rather than Contract Laboratory Program (CLP) criteria. The following elements (if applicable

by method) were reviewed for 100 percent of the soil, groundwater, and blank samples analyzed

by the off-site analytical laboratories as described above:

• Holding times;

• Blanks;

• Field duplicates;

• Surrogates;

• MS/MSDs or MS/laboratory duplicates;

• Internal standards; and,

• Laboratory control samples.

The results of the validation are summarized in validation reports that include the following:
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• Samples included in the validation,

• Validation guidelines used, including any project-specific modifications,

• Analyses performed,

• Review elements, and,

• Discussion of validation results, including any qualifiers appended.

Qualifiers used were from the USEPA national functional guidelines cited above. The data

validator manually entered data qualifiers into the analytical information portion of the electronic

database, as necessary.

4.7 Data Verification

The objective of data verification was to ensure the agreement between analytical data in hard-

copy and electronic formats. Data verification entailed the comparison of the analytical data and

laboratory reports received from the LEA Analytical Laboratory and the off-site analytical

laboratories with the data reports generated by the electronic database. In the case of analytical

reports obtained from the off-site analytical laboratories, data verification was performed in two

steps, one occurring prior to validation and one occurring after data qualifiers received from the

LEA Analytical Laboratory were manually entered into the analytical information portion of the

electronic database.

Additionally, an initial review of all data obtained from field measurements was performed by

the Project Manager. This review consisted of checking procedures utilized in the field, ensuring

that field measurement instruments were properly calibrated, verifying the accuracy of

transcriptions, and comparing data obtained in the field to historic measurements.

4.8 Data Management

Geologic, hydrologic, physical, and chemical data were generated during the Site investigation.

Availability of this data was critical to the ongoing investigation activities. The procedures,

personnel, and software used for inventory, control, storage, verification, and presentation of data

were described in the VCAP Work Plan.

Procedures discussed in the VCAP Work Plan included those used for communication within the

project team, focusing on the exchange of information among the field sampling team, data

management team, Technical Task Leaders, Project Manager, and laboratories. The systems

used to collect, store, and analyze the project data are the same as those detailed in the VCAP

Work Plan.
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4.9 Database Repository

The electronic project information system is a dBASE® application, which is used for

electronically managing sample information and analytical data. The database management

functions employed during the investigation activities at the Site are presented in the VCAP

Work Plan.

4.10 Data Presentation

The objective of data presentation is to illustrate the analytical and geological/hydrogeological

data for the Site in formats that facilitate data interpretation and visualization. These formats

include tables, figures, and drawings, as appropriate.

4.10.1 Analytical Data Presentation

Two types of analytical data presentation were generated from the electronic database: final

tables generated in a format designed for inclusion in the final report, and working tables

generated for specific uses by the Technical Task Leaders, Project Manager, and other project

personnel during the course of the investigation.

Types of information generated into tabular formats and included in this report include:

• Listings of location and sample collection information;

• Listing of constituents for which a sample was analyzed;

• Site information, including measurements of groundwater elevation and

sample/station location coordinates; and

• Analytical data, including constituents of concern, analyte concentrations, and

qualifiers.

The analytical data tables are presented as summaries of detected constituents, with separate

tables generated to indicate constituents for which a sample had been analyzed. These tables are

presented in Section 6 of this report.

4.10.2 Facility Maps

Facility maps were created using AutoCAD® software. The project base maps were generated

using available information from a variety of sources that has been incorporated into the

AutoCAD® files.
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Examples of facility maps generated for this report include:

• Site Plan;

• Locations of environmental units; and

• Soil vapor, soil, and groundwater sampling, and test-pit excavation locations.

4.10.3 Graphical Data Display

Graphical data display combined analytical data and/or geological/hydrogeological data with

information from the facility base map.

Examples of graphical outputs include:

• Groundwater and potentiometric surface contours maps;

• Areal distribution of contaminant concentrations in soil or groundwater;

• Generalized bedrock surface contour maps; and

• Cross-sections of stratigraphy.

4.11 Record-keeping Procedures

4.11.1.1 Office Documentation

All documentation related to project activities, including field activities, will be maintained by

the project manager until completion of the project. Records will be maintained in a project

notebook or other suitable format to ensure their organization and accessibility.

4.11.1.2 Field Documentation

Records that will be maintained as documentation of field activities include field logbooks, daily

field report forms, field quality review checklists, field instrumentation and quality assurance

records, field sampling records, data collection records from groundwater monitoring and

sampling, well development reports, soil gas survey data records, boring and test pit logs, and

chains-of-custody for collected samples. All appropriate documentation will be completed in the

field and returned to the office for inclusion in the project file. At a minimum, field logbooks,

daily field report forms, and field quality review checklists must be completed for each day of

field activity.
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4.11.2 Archiving

Following completion of the project, all records associated with that project (including reports,

project notebooks, field records and logbooks, and laboratory reports and chains-of-custody)

were archived in a manner that permits their retrieval in an efficient manner should reference to

the documents be required in the future.
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â

|
 B

ro
m

ob
en

ze
ne

£0

1a

|B
ro

m
of

or
m

00

S,a
[C

ar
bo

n 
D

is
ul

fl
de

9=
ti



H

P |

< fl
C3 r. J?T

3 ^ *&
cS ^"j ^MH 2 5

te
>H W

r/

^ [^
S °3
S P*f~*
P

Q

9ol J?
CO £} ~ (N

^ S C! T! ^ < "?
Z 2 2 — ?f _) ^

o <* 9i ON CT\ ^Q

f i s s - < 3
2= 2 2 ~ 4 3 £

g
Q

§2

vo S

9 o 1 2
CQ fN ^ oo

^ s a 8 » < c?
2 2 2 2 ^ S £

SO ^00 o! o
9 ON S fi

CQ ^^ CT oo

^ 0 0 TT .' Uj *0

" c S. u

- 9 1 p Q g1 f
O U U U U ^ 7

jlllfl^l

1
c

U

00
a.

<u
^H

o
ea

C

•e
u

^

1
U
.n
P

_o

O

a.

u
c
M

U

P
-0

1
u

ZL

C

|
_o

U

a.

"

FT;
1 —

c

f

P
_o

O

a.

.0

_o

U

ob
u.

3
J3

r"

o.
P

U

a.

en
e.

o-

2
p

U

•a,

a.
c

3
o

U

.̂

U
C
«

«t

X)

Q

.̂

fN
^J"

U

C

1o
j:
o
Q

3.

rA
^T
u

I
1
o
u
Q

^

~T
u

1s
.0

u
Q

•a,

u
cd

u

P

-2o
f,
Q

•a,

o

•£

F

§
13

So
u
a

n

^_

cd

So
u
Q

3,

(N

u"
S

o
•5
Q

1

^«

^-

g

§

U

Q

$

.2v
^-

g

jr

g
o

u
Q

1

e
(N

~
U
C

o
.c
u
a

|

rs
û
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NN î T

^^ ^3 S^^ ^c £i*
9t Z "u
H ^ J2fa a

O ^j
to

S >
^H S>

S ^

CO

a

M §
i 1 M v S i

2 2
9 ON s 5
H 2 — 0 , r-.' z; o <N •< "?
5 o — in . w NO
Z — — — -NT _J ON

ON
O

r- —
C? 00 OJ o\

O 2 o "o °° •< r-
gj S So 6 -' W ^a —. o — NO i-J fo

VI

to 2 — S
00 § NTI O ^5 NO

Z — o 2 ?r -1 £

^

"9 fN ON 5
ffl S C 00
C/3 ?< NTI O -- ^ NO

• ° Q - ^ < r^< S So 6 .' W <A
2 ^- o ^- -*t -J rn

Q — c °- "
"" S Q P Q ^" "§
o « u o o ^3 5
'g | o- | 1 | ~ S

i — l ( > 0 ( / 3 ( / ) C / D — J i - J ^

Cu
3

C/l

§u

1—,

3
V

7

00

3.

a>
c

u

3

V

00

a.

1
1
o
•§

3

V

00

^
i

;r
y
lo

n
itr

ile

1s

3

7

CN

V

I
a.

B
ro

m
id

e

1
1

3

7

(S

eo

a.

C
h
lo

rid
e

£

2

3

7

7

00

3,
a.

1

j=
U

f

3

NO
V

00

sa

M
e
th

a
cr

yl
a
te

I1
S

3

7

7

00

a.

^t-

i-2
-p

en
ta

no
ne

,'

I
S

3

V

V

i
a.

u

ui

u

1

3

NO
V

r--
7

00

a.

le
ne

 C
h
lo

rid
e

•u

=

TT

V

I
a.

hl
or

ob
en

ze
ne

u
CO

S
0-

3
o
oo

00

a.

lil
o
ro

e
th

a
n
e

u

1

3
o
oo

I
i

4>

u

hl
or

on
itr

ob
en

z

1
U

CL

2
(S
V

00=£
a.

•=

.0
'CL
O

CL

3

1

(N

V

DO

a.

I
C/)

3

1

(N

V

00

•aa.

,

"̂̂

llo
ro

e
th

a
n
e
, 1

,1

u
2

3

V

V

00

a.

,
*N.
r4

llo
ro

e
th

a
n
c,

 1
,1

2

3

^

fN
uS
V

00

a.

llo
ro

e
th

yl
e
n
e

u
|

OO

\7

o
c

f*1

v1

7

fS

7

o
7

00

a.

. — .

.̂Eu
£iu
Ul

llo
ro

e
th

yl
e
n
e
 (

1

3
rf

fN

v1

I
a.

c
3

0

7

u
E

f̂ N

7

0

7

7

o
7

I
a.

e 
(s

cr
e
e
n
in

g
)

a

3
Soo
y

i
a.

4_

iro
b
e
n
ze

n
e
,l,

2

o

o

3

^

rNj

00

a.

,

iro
et

ha
ne

, 1
,1

,1

o

(J

r-
7

B

_^
CNl

V

oo
NO

7

s00

7

s

00

a.

"oo
B

ge
a

iro
et

ha
ne

, 
1,

1,
1

o

s

3

^

^

1
*a.

,

j
O

s

3
••̂

$

I
a.

g

f

.c

P

00

7

B

m

v'

NO

7

oo

NO

7

00

a.

'oo

E

g

iro
e
th

yl
e
n
e

 (
sc

o

s

3

^

?

I
=L

U

ci
*5
S

iro
m

o
n
o
flu

o
ro

;

o

u

IN
CO

J2
x

JO
CD

I
CM

I
56
OJ

Q̂

5
o
Lit

I
Q-



u_

SL

C/5
H

[3 O,

alW r. Z
f^| "

i 3 "2
pH "̂  ^3

ta B
O .̂ ^ts

M
M

A
R

Y

P
&

W
E

a

3
C/3

g
Q

^? ^" ^ i

i 1 1 1 v s i
z ^
s o, a s
^* ^^ ^^ ^"

< i § S « 2
2 ^^ ~ ^^ ^" >— 3 o\

o\
o

O\ '-

^ 22 £ <*

Q f ^ ?! °f ^ "9

!5

QQ *O ^ J2

°? | o 2 <b < iC
^ S So o .' w iA
?; „ o — -t J n

? « i 1
CD *° C oo
op § g o ^5 JQ

Z '•— O ""^ ^ *-} ro

j.

1 s II ! ! 1
IIIIM^I

c
(D

C

c3

D

O
V

fS

00

^

m

—"
oT
c
o.o
o.
S_o

_u

£

D
vO
V

(N
vi
V

oo

1

11
c

D

\7

(S

V

001

-o
_o
u

,c

V

\7

\7

00

"1

c
'c
g

!
o
M
Ji

X

D

o
V

wi
V

00

1

-̂s

So
b
c

JK

X

oo

u
c
•o
V

00

a.

'So
c
'c

0
^2-
^— v,

I
«

X

V

oo
V

V

00

1

'Soc

'1
u
'"*'

p^

<«
E
u

^
X

tn
x

8

CM

i
oo

Q

2
I
CO

r
Q.

O



X™-.

0)
N

Cfl "O

jJ fm

u r
•° H I
"* J "0— -«5 *"
« ^ ^
H < cs

^b ^T*
2 H*
O -w
>H R

ft! ̂

^ ^
^^ '3s <^
%

o
o9,1 i

CQ K C ^°
C/l *^* O O OS

^ "> S o •» J -1
z 2 i i ?!, < <

(N

S § 9
9 00 0 ,1ffl K ~ °
^™ o o ^r -' tu NOZ — o — <s -4 ON

NO ^ ^

9 oo o- 8
co £! o r-. ^ ON

i ' <N *O ^ —1 -4
N> ^" ^= — ' LD LU25 O v3 ^- _ ™ ••;
xu ^- O ^- (N <. ^

(N§ , I_ rs C1* _ *^>
v o Os O1 O """

^ ° C r^ "T
Q || J U &

oo o J^

i " 5" ON•* •* — s
S ° — o - 5*"r ^ _ g oo < £
Z — o — to ^ ON

12 o K
i» <N -> oo

S ^° — «^ ^f, >0 _ u-i 00 < n\> -" ^ • • 1 , > 1
~ o r-- o - — NO
Z — o — vo — i ON

n — ? o. u
f 9 £ i! «S | |

1 ! I ! ! 1 1 1

c
3

Ou

I
1
o

ON
ON

i
o

•n

[P
at

e 
M

et
al

s 
A

na
ly

ze
:

£
ON

CN

i

NO
ON
ON

r̂-
§o

ON
ON

[0
7/

12
/1

\Q

&

0̂

NO

ON

r=

r^
o

1

[P
at

e 
O

rg
an

ic
s 

A
na

ly
:

[P
at

e 
PC

B
s 

A
na

ly
ze

d

TPs
'ed
C

S•o
"o

|D
at

e 
Pe

st
ic

id
es

/H
er

bi

T3

JD
at

e 
Ph

ys
ic

al
 A

na
ly

2

•oa
c

(A

ed

|D
at

e 
Se

m
i-

vo
la

til
e 

O

U9

"ed

<

|D
at

e 
of

 M
et

al
s 

SP
LP

co

1
UJ

[D
at

e 
of

 M
et

al
s 

SP
LP

CO

j£.
ĉ
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ĈM

1
co
UJ

Q̂

O

QC
O.

CD



u_
$
Q

H
hJ «
P £

£d ffl
a 5
d $5
o r

•° H fc
"* J T3
— -3 **
*Q 5r <**

H 3 ^J
C8
M-

O •**». %
> w

§ S
S eM
s p«

M

TT
fN

o , | |

™ S § ^ * j 3
^ o ^5 o -' u w
Z ^- O «— (N *C *C

(N

g <^ o
co ^ c 5

O ^O O - ^ O
IZ ^- O •— ' <N i-J ^

i R i 1
? S R s * j 3
^ S S 0 -' "J UJ
Z — o — M < <

i
Q
2

SO "̂
o ^ 9
CO ^ C o
" « S 0 =* < £^ S ^s i>; .' w vo
,£, ^- O ^" <N >-J O

pj
_ OO

^ S °
T* ON ON o
flQ ̂ 1 ^ \o

"? S § § =* -J 3^ 2 i i ?!, < <

Q S | f V1 s a -I a g- 1
O V u u u n 7

B §• & 0. |- b •£!

C

3
M
Co
U

1

ty
l 

Ph
th

al
at

e

?
C

Q

1

>[
a,

h]
an

th
ra

ce
ne

g
U.0
Q

oo

1

1
|

j5
Q

OO

1

1
c
e

•<*_

I
JO

_o
r-
o
Q

1

D
be

nz
id

in
e,

3,
3'

-

2
U

Q

1

"oc

g-c
u
Q

3.

Ph
th

al
at

e

jb
o
6

I

1

1
E
Q

00

1

,

•̂«rs

r^
la

m
in

oa
zo

be
nz

i

1E
Q

1

^l
be

nz
id

in
e,

3,
3'

-

§
E
U

1

,

P-J]
Vs

1

t
C

6

1

i
ej

5
D.

"".
U

/I
ph

en
et

hy
la

m
in

•S
C

Q

1

S

f
E
O

00

1

o-
cr

es
ol

,4
,6

-

g
c
a

3.

ii1
c
Q

1

4.

1
c
Q

I

ol
ue

ne
,2

,4
-

1
c
Q

1

ol
ue

ne
,2

,6
-

1
c
Q

oo

1

cd

1
0.

Q

i

'lh
yd

ra
zi

ne
,l,

2-

1a.
Q

1

et
ha

ne
su

lf
on

at
e

2
r

UJ

I

Oi

1a
O
3

IX

DO

a

C

O
3

U.

00

1

or
ob

ut
ad

ie
ne

u
C3
X

I

00

3.

or
oe

 th
an

e

•g
X

I

00

1
or

op
he

ne

1
X

ac

DO

1

S
JU

0
£

X

I

I
1 ,

2,
3-

cd
)p

yr
en

e

f
•a
B

I
?
0)

D-

3

I
UJ

I
oo

Lll

Q
Z
O

o
LU

O
o:o.
CD



CO
H

CO "d

s H I
4 5 -ow r3 IM
3 ^ «2
«* 5 "CH "^ «

^b NH

0 5(«
^N A

A w

S aJi
S PL,

co

<N

a £ s9 oo o* o
CD f*^ ~~" *o
S ""> rS r- - ON
3 !2 b ^ -1 J

z 2 i 2 ?!, < <

^o ONON CTV o
9 r- o> ^
oQ S ~ •*op ^J r^ >n ^. —
* o ^ o ' tiJ \A
Z — 0 — ?M J CTv

°* S S
9 r- <?. §
c/a *Cf r^ v^ i^ ^^ « 5 "H T J
^ O O O ^; "~3
Z — O — (N < <

Q

S

Jn
S S 0

i ON 0s sA
m in " °

• 2 <N =? 'T < *?
^ O ^ w^ tU >o

r-
oo

NO g O

9 O1* ^ o
ffl K C ^op ^ so o ^ ^

1 w ' (NJ O •— 1 "J

^ 2 i i ^ sj ^
f

Q S C 0- Sbd r\ « .£ u ^ -2
c 9 Q 1- Q £ E
O U 4> U U ~^j »

1 f f I f I -s 1
p — l C / 3 C O C / 5 C O f - 4 — J ^

'c

co
U

1a.

|ls
op

ho
ro

nc

Ia.

[i
so

sa
fr

ol
e

ia.

(M
et

ha
py

ri
le

ne

00

a.

0

|M
et

hy
l M

et
ha

ne
su

lf
on

a

00

3.

|M
et

hy
lc

ho
!a

nt
hr

en
e,

3-

00

a.

|M
et

hy
ln

ap
ht

ha
le

ne
,2

-

00

a.

u

C4

|-

JD
C

'S
z

00

a.

uc

1
1
o-
c

'c
Z

Ia.

JN
-n

itr
os

od
ie

th
yl

am
in

e

00t,a.

Uc

1

1
'is
Z

I
3.

|N
-n

itr
os

od
ip

he
ny

la
m

in
(

Ia.

uc

J2

o

'^
Z

ia.

|N
-n

itr
os

om
oq

)h
ol

in
e

00•§,
a.

uc
|5

'5.

00

3.

[N
ap

ht
ha

le
ne

00

a.

[N
ap

ht
ho

qu
in

on
e.

l ,
4-

01

"cb
a.

JN
ap

ht
hy

la
m

in
c.

al
ph

a-

00

^a.

[N
ap

ht
hy

la
m

in
e.

be
ta

-

00

â.
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Jô

VO
O*\
OX

i
(N
vSo

i

[D
at

e 
O

rg
an

ic
s 

A
na

ly
ze

d

i

[D
at

e 
PC

B
s 

A
na

ly
ze

d

i

I
"rt
c

C/)

[D
at

e 
Pe

st
ic

id
es

/H
er

bi
ci

de

vo
ox

?4

£

i

[D
at

e 
Ph

ys
ic

al
 A

na
ly

ze
d

i

1
C

JD
at

e 
S

em
i-

vo
la

ti
le

 O
rg

an
,

c?o\

Is

1 1
0/

04
/1

99
6

i

cfl

[D
at

e 
of

 M
et

al
s 

SP
L

P 
A

na

rr

i

c
0

"o
p»

[D
at

e 
of

 M
et

al
s 

SP
LP

 E
xt

r

O^o\

s
S

1 1
0/

02
/1

99
6

i

tA

.̂

[D
at

e 
of

 O
th

er
 S

PL
P 

A
na

l;

_

i

[E
xt

ra
ct

io
n 

Fl
ui

d 
N

o.

1a.

[D
in

os
eb

tN

"v

i
E

[A
rs

en
ic

o
0

9

o
o
o
V

Ê
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(/) 73
HM W

[̂
iJ *

y "g

4 J -o
2 "^ o
es ^ -f
H -<J *J

CN*b w
O ^^

-M

£, M
•^r ^^

1 2
S

S
_ oo00 S 2

T O ON o
£Q ^ r— y,Q

C/3 £j g O f^ j ^

E-T O f1^ O > TJ ^3Z — o — o < <

3
22 ON S
T 0 ON 0

CQ ^ ^
C/3 1C? CTx O z., °5i ** * Q ^-i r^ i_| ta_J

z I S 2 & 53 <

22 ON 9
CQ § C -
C^ IV; ON >O :., ro

i ^_J O O ^ <, <^
S o r* o .' UJ vo
i*£ r— • O ^- O i-J ON

ro
0

v_ *n
NO r^.
ON o

^* *O ON o

Q 2 1 a » 53 1
2 2 o — i> <<

NO

^ ON O

m g ~ oo
«? V, Q § o < X
s o F: — .' w NO

J^ ON O

? i 1 8 -o < 1
^ S p; ^ • S vo
Z — 0 — •* -J ON

» 5 S

1 9 1 p 1 I1 1

1 1 1 ! ! 1 1 1

i
V]
C
O
U

1
OO

1

to
S
oo

r^
o

S
ON

§

S

•n

[P
at

e 
M

et
al

s A
na

ly
ze

-
NO

2
T—
g

CN
"

~~

O

NO

§;
>n

p-o

o

—m
r̂-o

»c^
r-i

1

P̂O

[D
at

e 
O

rg
an

ic
s 

A
na

ly
;

|p
at

e 
PC

Bs
 A

na
ly

ze
d

"S
N

C
<

•o
'o

[P
at

e P
es

tic
id

es
/H

er
bi

NO

2
o
CJ
S

NO

3

CN

i—o

£
CN

CN

P^
O

«

| D
at

e 
Ph

ys
ic

al
 A

na
ly

z

"S
N
^»

rt
C

WJ

1
00

[P
at

e 
Se

m
i-v

ol
at

ile
 O

S

—

^

1

w
<A

*rt

•<

[P
at

e 
of

 M
et

al
s 

SP
LP

7

c
o
0

Xtu

[P
at

e 
of

 M
et

al
s 

SP
LP

S
ON§̂

•

'Z

'a
tj.

[P
at

e 
of

 O
th

er
 S

PL
P 

i

,.

[E
xt

ra
ct

io
n 

Fl
ui

d 
N

o.

00•s,

[P
in

os
eb

ON
(N

7

rs

7

7

00

1

[A
rs

en
ic

o
0

?

1

[A
rs

en
ic

 (S
PL

P)

(N

2

10

.̂

V)

(N

00

|

1
CQ

8

7

1

[B
ar

iu
m

 (
SP

LP
)

00oo

v1

f;

v1

ON
NO

fi
V

00

[C
ad

m
iu

m

o

8
?

1

[C
ad

m
iu

m
 (

SP
LP

)

Tj-

J5

r-

p

00

[C
hr

om
iu

m

o
VIp
?

1

[C
hr

om
iu

m
 (

SP
L

P)

00

uo.
CL

<5

vi
CNl

V

•0

V

V

00

1

3

S
8
9

1

[L
ea

d 
(S

PL
P)

CN

(N

^

fN

°

NO

V

00

1u

S
8
?

.̂

[M
er

cu
ry

 (
SP

LP
)

^-

—

f\

7

rj
V

00

1

o
Z

o

i

I

sr
o.
oo,

u
z

(N

7

VI

7

Oj

7

00
[S

el
en

iu
m

o
p
9

1
[S

el
en

iu
m

 (
SP

LP
)

OO
o>

TO
Q_

8
X

00

CD

D

2
g

cc.a.
CD



C/5
H

P 1
&d C3
^y) O

^ 2
^j ^

u t?
A. hH O
^ r^ ^^
"̂» L^ (-̂ f

3 S -s
"•* *5 O
^2 r̂ (M

H o *O •**

^H 0t

^ J£
i §

S AH
P

OO

so °°
"7 O ON o
CQ ON ^ \o
C/3 JC? O\ O i, > °}
i V" o ~- ^ i-J i-J

g 0 | 0 ̂  W W

r*-)
\o

•— ^ 2^ °i O Di O
QQ ON ™ so

^ 5 1 2 ^ ^ 3
^ ^ ^ ® ~ .? !i^

oo S S
T ov <^ u^
CQ S? C —&0 ^J ON >r) ĵ  n
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â.

tT

X
o
Q

00

£
3.

"o
i
a

1a.

1
ID

PL)

1
a.

a
J2

ca

|

PL)

OO
so
V

.̂

^

1

p
00
V

CO

"a,
3.

1

1

UJ

V

u
c

(N

\7

t^
V

o

[;

I
3.

"o"o

^
'c
1>
u

1
">,

LU

I
a.

u
•u
I
1
5

^o

UJ

J^

V

SO

7

7

0
(N
V

00

5.
=L

(N

c
O

X
4>
i

CO1
a.

cn

E
o
•a
c

00

î
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â.

f

I

u
2

oo

V

TT

v"

7

SO

7

i
a.

i
u
c

f
s

€
iL

0>

en
ze

n

1
o

2
g
U
(X

1
a.

1

S
o

1
o-

I
n.

u
c
OJ
N
C

.8
g

S
o

1
0_

I
i

'£
§
o.

O-c

oo
SO
V

Tf

v1

V

p

I
a.

I*j
00

00

V

^
^

V

p

1
J.

,

<N,

1

o

I
H

00
SO
V

TT

^

V

p
oo
V

I
=L

,
<N,
r4

c

(Ue
o
o

g
H

oo
so
V

TT

v1

8

00•s,a.

1

o
jr

H

<N
V

s
—

fM

V

u

rs
fN
V

00

i

'oo
c

u
u

c
u

o

1H

00

V

t
v1

B

v

0
00
V

1
a.

1

H

O
QL
Q.



Cfl
H
_J 0>£-̂  *>

^ S32 j§
< £

.0 C 1

T
ab

le
 4

-2
>F

 A
N

A
L

Y
1

H
ar

tf
or

d:
 P

£ w

11
D

0

° § S^ o c^ 3
CD *~™ ^~ *O
S °° 55 ^ -x o
0; <N ~ ?i i r]j nj
Z 2 ~ 2 ^ < <

o o Si
^ ov § ^
co ° ~ S
C/3 VI "^ T~ O

* O — n"i ' tlJ vo
Z- — — — Tf l— 1 ON

S
O „£ M

CQ O — vo
Op 2 "> "^ t, _, f]

^ S — M ' W UJ
2 - - - ^r < <

00

Cp1 NO 5s o

S 2 = i r^ < <

« 0 g

co {; c "
1 ^ — TT ^ •< "SI

= O — O .' UJ VO
Z — — — (M _] 0

« S

*? >o C" i-L
CD t ~ ro
V} — ^ ° ^- °*

^ O — O -' W vo
2- ^- — — (N J O

a „ £

O u y QJ o> ^ -5

3 I l l l l ^ l
> - J C / ! ] C / ^ C / O G O « - J . _ J l 3

u
3

C
Oo

^_;
V

CJ
c

oo
V

V

o
c

CN

00•s,
a.

"oo
c

ne
 (

sc
re

en
!

u
3

j2

"1a.

4
r-T

lo
ro

be
nz

en

•jj
IE

oo

V

^

V

O

OO
V

Ia.

t

^

1

0

u

H

r^
V

o

V

2

O

CN
V

€
i

-ac
'S
Eo

^_*

^

lo
ro

et
ha

ne
,

|

oo

v1

^

V

O

OO
V

I
a.

§

—u"c
CO

O

J=u
H

oo

v1

^

OO

o

00

a.

cu

1
o
•jj
f

(N
V

o
c

V

0
c

(N
fN
V

Ia.

"So
c
'c
u

1
g

o
•J;

IE

OO

'v

NO
V

V

o
06
V

00

a

<u
c
CJ

*5
Eeo
3

lo
ro

m
on

of
l

.cu

IE

oo

V*

i

V

o
oo
V

00

•a,a.

rA

-"

lo
ro

pr
op

am

|

00

^

V

V

o
oo
V

oo

a.

A
ce

ta
te

>,
I

oo

V

VO
V

V

o
06
V

00

•a,a.

C
hl

or
id

e

>>
1

00

d̂.

'oo
c
c
u

0
Ul

q
u

_u

X

oo

"v

i

V

o
oo
V

Ia.

IB
S 

(T
ot

al
)

jy
X

m
V

u
c

V

v"

u
c

v1

Ia.

"oo
'E
a
"

1

JLJ

Xs

CO

•a,
.̂

^0̂0c

5

I
D.

«a
_u

x1

oo
o>

Vra
a_

_
JQ

I
8
X

(N

i

Q
Z
O

OL
a.
C)



U.

H

CO "O

j 2
u f

* CM °

« d 1^r ^^ oJ3 >^» ^j
08 ĵ **
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ô

[A
ce

ty
la

m
in

o

I

[A
ra

m
ite

00

•a,

,
c

lo
ro

pr
op

:
|

 D
ib

ro
m

o-
3-

c

00

Ifc

JJ

1
3

I

|
 D

is
ul

fo
to

n

00

a.

t
«

U-

o

V

00

1

c
SJc

iH
ex

ac
hl

or
ob

or-
V

DO

1

C
O

"O
s
uo.o

JH
ex

ac
hl

or
oc

i

[P
ho

ra
te

in

'v

r~

V

P-

r*>

JQ

7

U)

•a,

1
8
2•o

E
3

"o

3

D
0

0.

o
p-
v1

00

a.

u

[A
ce

na
ph

th
en

o
v

00

a.

u
c
u

[A
ce

na
ph

th
yl

3.

JA
ce

to
ph

en
or

00

1

j
e

|A
m

in
ob

ip
he

i

00

1

c
'5

or~
V

1
[A

nt
hr

ac
en

e

V

X

(0

iID
a
1
§

Q
Z
O

Jt

CtLo.



Q

H

a j
"*• 5

J3 £ 0

3 >i -s
4^ ^3 IN

J5 K^ 4^
03 ^* *-

H ^* IN
03

ta B
O ^^

-WX %
f*s ^J

•5 >•5 £•
S PM

P
V)

t~- r- ON
in ON ON
'V NO ON ^

03 "^ S => 5
^ 2 •— M ~ < Q
% 0 - o .' W ?
Z — o — oo J o\

rs
^ r~ °°
<? NO ON §

S? 5 ^ ° 2 j 3
^o — o ' U W2 2 S 2 BO < <

^ [^ O*
Q ON ON
T «1 2 fi

fe^ O — O -' UJ r^
Z •— O — 00 -J Ov

o

~ g §Cp r^ ON Q
5^ NO r- t~

Q ? § ^ V J 3
a, g ^= — • w tu
a — o — fs < <

^ f-*. ^—
jTi ON ON
*? oo ON 4
CQ 2 C ?
CO 21 O O r,. m
' . ^, ^™ O ^ O

S> fN •*̂ , • • i .Ji I* o — o . W r-
^. ~ O ^- NO r— I ON

•* r- —
^ r~ S ?

03 °° C _ P

^ o ^ o -' W ri.Z* — o ^- NO _) os

„ <u -S
Q 3 E Q. U

c 9 Q P S | |

1 | | | | 1 1 1
J 4 V 5 W C / 3 C / 3 j J j D

1
c
o
O

00*a.

JB
en

za
l C

hl
or

id
e

o

v

BO

*
a.

JB
en

zi
di

ne

o

v1

00

â.
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î.

i_u
5
UJ

|C
hl

or
om

et
hy

l 
M

et
h

60

$a.

^

jC
hl

or
on

ap
ht

ha
le

ne
,

ia.

|C
hl

or
op

he
no

l,2
-

=0

a.

_^
5
">,

jc
hl

or
op

he
ny

l 
Ph

en
;

CO

Iba.

|c
hr

ys
cn

e

1a.

|C
re

so
l,2

-

ia.

|C
re

so
l,3

-

i
a.

1
CJ

1
a.

1
a,

S

o
inco*—
a>o
(9
Q.

X
UJ

CD
111

I

O
UJsa:a.



H

P 1

g §

^ SU E
S H Z^^ ^^ ^— <4 3 -a« 3 i.
| g 5
H ^ sa

to sc
O

P"̂

«

S w
^ ^5 ^

^ ^JS fc

03

f a ! i
S ^ ?> — 5o ^
^ s i 5 .• g «j
Z — O — VO < <

r> -
85 — " S

^ s S 5 ' w 22 — o — So i-J os

r- S S
*? « 8 §pj »n ^- v^
^ r- 2 JNJ 5o ,_ ] j

g 2 i 2 i 53 53

g
Q
2

^Q f^-

2 os o^ oo o '
CQ ^" " Tt
°? r--- ^ 5 ^o < S
^" O OO f^ ' UJ \o

^ ^
T r- S §
CQ r~^ -^ ^"
w ^^ (N o rx ^
. j __| ^" ^ ^ r^>

^ 0 oo f^ .' UJ ̂ o

? B ! 1 1 r 1
O t> U 4> 4i ^3 ™

1 I I I I I 5 1

1
en
C

o

00

1

ct
yl

 P
ht

ha
la

te

9
*J*

Q

I

ucm

:o
[a

,h
]a

nt
hr

ac
i

g

Q

i

1
î
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ĉaj

[T
et

ra
ch

lo
ro

be
nz

i

o
00

v1

o
oo
r^t
V

1

(

NO

**!.

"5

|T
et

ra
ch

lo
ro

ph
en

3
ooo
v1

3
o
00

v1

1

|T
ol

ui
di

ne
,o

-

3
o
00
rf)
V

3
O
OO

V

1

:
"I
<N

|T
ri

ch
lo

ro
ph

en
ol

,

3
o
00

v1

3
ooo
f*1
V

00

1

t
NO

<N

[i
ri

ch
lo

ro
ph

en
ol

,

3
o
00

7

3
ooo
V

1

o
o~
o"
4>"

O

'•§
e

[T
ri

et
hy

l P
ho

sp
h(

3
ooo
r-i
V

3
ooofl
V

00

1

<A

—

[T
ri

ni
tr

ob
en

ze
ne

,

3
0
(N

V

3
o
CN

V

3
o•<t
7

3
o

7

1

[A
ce

to
ne

3

v

3
§
v

3
ON

3

V

00

1

[A
ce

to
ni

tr
ile

3
o
V

3
§
v

3
ON

V

3
NO

'v

00

1

[A
cr

ol
ei

n

3
o
(N

V

3
o
(N

V

3
o
Tt

3
om
7

1

[A
cr

yl
on

itr
ile

3

§7

3
o

7

3
o•<t
7

3
o

7

00

1

JA
lly

l C
hl

or
id

e

D
p
v

3
q
V

D

v1

•NO

"v

1

[B
en

ze
ne

u
c

00
V

a.

^^
00c

[B
en

ze
ne

 (s
cr

ee
ni

00

1

c

g
ffl

3
p

V

3
p

V

3
ON

v1

3
NO

V

00

1

1
1

3
p

V

3
o
NO
V

3
ON

'v

3
NO

"9

00

1
[C

ar
bo

n 
D

is
ul

fl
dl

S
in
o>
<u
,?
Q.

_W
X

5̂
XI

i
(D

8
LU

S

i
co
CD
LU

Q̂
Z
O

Ioai
O
Q:
a.
o



H

^5 ^3

j 2
< 5u r

•° 5 °
*? ><
^ J -o

vW ^« ^N

a 5 "C
^ C9

fe "O ^

tf W

^ ^^ c^j
«t 0H

P

g

Q
S

OO

* s> r^ ON
m ON ^

S B ^ z 8
E— « TTT o\ t** ^j i— •

1 "' O — ' ^. fT,

^ 3 ^o ciJ 3/ ^^ „ o ~ o <

T ^o o^ ^

H r^ S^ vo ^ i— •
i "^ o i— ^ tU

J2 ,_ o -̂ O* <^

o

~ ^ S ^^ S i— o

Q ^ o £ < EZ
2 »— o o O' Q

(N

§
w f~ °r

S « C z §
"7 K g 5 < £

z 2 i 2 §• <
^_

w f~ §

fc — " . Z o
' £j O O °° ^ E

!~ vo vo O -' ^ ^

! 9 I I ! | |
O o <u w w n ^i 1 1 1 ii 5 1

t _ j c / 5 ( > r i ( / j c r t i — 1 J O

1
B

6

D
p
v

D
p

v

D
Ov

V

D
vo

v1

00

a.

u

'C
o
j:

1

1a
U

D
p

V

D
p

V

D

V

D
VO

V

00

i

u

N

|
O

S

D
p

V

3
p

V

D
Ov
vd
V

n
vO

vd
V

I
n.

u
c

flj

1
g
•5g
_o

U

D
(S

D
fN

V

3

V

^
V

00

a.

•o
et

ha
ne

5

U

CO

3.

fN

U
JI

__

JZ

O

.0

6

3

0
vd
V

D
0
d
V

-,
Sv

i

-,
o
9

00

$i

a
0

.0

U

00

1
=L

-.
c
CQ

1
'g

U

3
0
vd
v

D
p

v

D
Ov

^

D

V

00

&
n.

3

1

1
£

U

00

$
a.

1
S
g
ja

U

I
i

q

1g
g
,0

U

i
a.

o.
tS

§
1
g

U

D
p

V

D
p

V

3
Cv

V

D
vO
vd
V

001
=1

0>
C
CQ

»m
om

et
h

s
a

3
o
oo

v1

3
o
oo

V

00

S
a.

(N

oT
c
u
N

g
o

J5

Q

D
0
oo7

D
o
oo

7

I
a.

rT.

c

1
o

4=

Q

D

g
ro
V

3
O
OO

i
i

4̂
J*

g"

1
o

4=

Q

a
p
v

D
p

v

D

Ov

^

D
vo

v1

00•§>
a.

1
*J

|

g

o
J=

Q

3
p

V

D
p

V

D
Ov

^

D

v1

00^>
a.

flj

1
E
I
o

lo
ro

d
ifl

u

.c

Q

3
p

V

D
p

v

D
Ov

V

D
vo

v1

ia.

•— i

e?

lo
ro

et
ha

i

JS

Q

3
p

^

D
p

V

D
ov
vd
V

D

v1

I
a.

(N

c"
cd

•S

o
4=

Q

D
o

^

D
p

V

D

$

D

^

00

$a.

^̂~
w"
u

1
J=
Q

00

S
a.

•3
c

1
£j
Wl

•— i

g

1o
J=
Q

00

$
i

'oo
c

1
£•
(fl

fN
-^

S
U

1o
J=

Q

D
p
vd
V

3
p

V

-J
C;

<?

-3

vo

v1

00

*a.

,
Wl

'v
i—^

C

1
o
.e

Q

D
0
o
v

D
0
vd
v

-,
Ov

9

-,

O

V

•i
i

c
s
(N

-^
C

•u

O
.c

Q

D
p

V

D
p

V

D
Ov

vd
V

-,
vo
vd
V

I
a

CN
w

1

lo
ro

pr
op

j=

Q

3
0
vd
V

3
p

V

-,
Ov
vd
V

-3

vD

^

I
3.

"T.

U
C

lo
ro

pr
op

•=

Q

I
a.

•S2

ro

u
c

JU

lo
ro

pr
op

-c
Q

i
a.

M
Cec
n.
V

•̂o.

o
•g
5

cc.a.



03

_J <u

a "a
Q£ ^M

^^ 1^3~^ p£

5 .a
rj **

J3 g 0

*? >l
"* j -oat TJ u
S | «§
H ^* ^*

w

fe ̂
O -£

>• C3

|l
2 fi^
CO

i
Q

00

j2 Ss 2

^ 1 r 11
^ so so 0 n 5
f-* >— * O '~— "^^ ^»

— s —1 iS o
ib — ~ z o

Z — o -— O* •<

CSo
p- 2)Os ^

g - c z 8
Q ^ | £ < E
^" ^O VO OO ^ C^

rs
g

l = i- sir^ s 1 => ^ &
* so so O ?^ S?

O
ID f^ OS•N & •*"7 o os —
o- "~> C Z o
'T ^ S 8 » < E
z S i 2 so o- <

J.

^ 9 Q P Q 1" E
O (u a> o u j5 ^

Bl '1 '1 '1 '5^ .3
i — J C / O C / 5 C / D C / 3 ) J i — 5 ^ )

H
U

.ti
VI

u

<
18

0U

D
ooo
V

D
o

7

3
8
V

1
i

4

cA
os

ia.

"o

a

00•sa.

u

a

a

3
p

3
p
V

3
Os

tf

^>
Xfi
V

Ia.

ie
th

ac
ry

la
te

.i

-c
UJ

o
so
V

3
0
sd
V

3

sd
V

SO

v

00

a.

3
U

3
Z

U
:

£

§

U
C

r-
V

I
IJL

bO
rr

in
ze

ne
 (

sc
re

en
il

.0

a

3
p

p

V

&

^

sO

V

00

00
3.

ie 
D

ib
ro

m
id

e

u

a

o

3
o
V

OS

sO

V

Ia.

rsj^

g
O
c
Xu

p

p
V

o

^

3

V

1
a.

|

c
o•oo

3

S
V

=
V

3

f

-5
V

00

•a,a.

1 A
lc

oh
ol

i-

p

3
o
sd
V

3
p

V

3

sd
V

o
V

00

a.

ry
lo

ni
tr

ile

u
rt
-5
2

7

3
(N

7

3
Tt

7

rl

V

00

a.

B
ro

m
id

e

•5,

%

7

3
(N

7

=,

7

3

V

Ia.

C
hl

or
id

e

•5,

I

3
o
(N

3
0rsj
7

3

7

0

V

00

•a,a.

co
"o

.ca•>,
"u

3
0
sd
V

3
p

V

3
OS

sd
V

3
o

V

00sa.

M
et

ha
cr

yl
al

e

•5,
o

3
<N

7

3
(N

7

3

7

Z
7

1a.

•2
-p

en
ta

no
ne

,4
-

•5,

%

3
p

3
p

V

3
Cs

V

3
sO

V

00

a.

t.

|

3
JO

•5;

2

3
p

3
p
V

OS
sd
V

3
so

V

00

a.

:n
e 

C
hl

or
id

e

•̂

2

3
ooo
V

3
ooo
V

00

a.

llo
ro

be
nz

en
e

13
1

3
ooo

3
§
v1

00

•a,a.

llo
ro

et
ha

ne

u
S

3
0oo7

3
§
V

ia.

uc

llo
ro

ni
tr

ob
en

ze

u2

3
TC

3

v

3
r-
cs
V

3
SO

V

Ia.

•i

§

1

0
sd
V

3
p

V

3
Os
sd
V

3
so

V

ia.

c

C/5

3
0
sd
V

3
0
sd
V

3
Os
sd
V

3
so

V

00

a.

<H

lo
ro

et
ha

ne
, 1

,1
,

•g

1

3
o
SO
V

3
p

V

3
Os

^

3
so

V

00

a.

CS
fs"

lo
ro

et
ha

ne
 ,1

,1
,

u

1

3
p

3
p
V

3
OS

^

3
SO
iX
V

Ia.

lo
ro

et
hy

le
ne

•g

1

uc

V

00

a.

_c
'c

2o

o
•g

1

o
sd
V

3
0
sd
V

3
OS
SO
V

3
SO

V

00

a.

c
3

ooen

5
T-

01
O)£

<fi
X

J
_OJ
^3
fl

8

I
CM

OO

O^§̂
Q

|
(O

O
UJ

3£
Q.



H
J fl*

t/3 "B

1 taM

^ 5U t
* H |
4 >H ..
•* j -o
o> T3 i-
3 x «2
H ^ ?

A ^O -£

^ r^

S ^

S a-
!/5

i
Q

oo

£ I

- r~ S ^
£ - 1 r- Z §

^ i 1 i 11
M -. 2

Hi- il
z S S 2 § 5

1^ 5 • *

- - 1 _ ^ °
Q JCJ o 1^1 "̂  u.

& 2 i s 8- a
<N
T

S s ?
i 5 5 z 8

• jjj 5 o •< a!
=^ vo C O 5, ^
Z — o — O' •«<

^^

til i— Ov
IN C" •*

I § S z i
7 to g g X < |T

^ 3 3 o .' g, i-

„

! s 1 1 1 r 1
O u y y o 'a -5

J E E E E £> £ • =rt n n n rt ea C
C/3 C/: V3 C/D -4 -J D

1
w

§
(J

o
c

7

BO1

"BO
E=

;n
e 

(s
cr

ee
ni

i

u
3
o
I-

D
o
oo

\?

D
§
v1

1

4
•H
»?

lo
ro

be
nz

en
i

x
•c
H

D
p

p

V

D

vb
M

D
vq

1

,

.— T
r*

lo
ro

et
ha

ne
,

f:

o

§

I

'3

C

I
i

__ 7
*

1
0
.c

3
p

D
p
V

3
Ov.
vb
V

D

VO

BO

3.

!

^
*

lo
ro

et
ha

ne
,

.c
•c
H

D
p

3
p

D
Ov

V

D

vb

BO

1

U

g

£

O
.C

u
c

§

00

1

i— s
00

.£
cu
s
Jl
4>

g

so
.c

3
p

D
p

D
Ov

V

D
VO
vb
V

BO

1

«

1
8
2

lo
ro

m
o
n
o
fll

.c

a
p

D
p

D
Ov
vb
V

D

VO
vb
V

BO

1

A

™"
"

lo
ro

p
ro

p
a
n
i

jz

D
p

<
6.

0
 U

D
Ov
vb
V

D
VO
vb
V

BO

1

A
ce

ta
te

>,
c

D
(N

\7

<N

V

3

V

2

bO

1

C
h
lo

rid
e

>>
_c

00

'So
c

"2

S

q
V

J">^

D
p

D
0
vb
V

D
Ov
vb
V

D

VO
vb
V

BO

1

3

i
*>Î
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V

00

3.

ie
th

yl
ph

en
ol

,2
,4

-

fc
Q

3
S
V

S
OO
V

I

itr
o-

o-
cr

es
ol

,4
,6

-

c
Q

D
o

V

3
o
m
V

oo•g,

itr
ob

en
ze

ne
,l,

3-

c
Q

3

8
00
V

3
S
00
V

i

"o
c

Q.e
c
Q

D
g
V

o
|3j
V

i

itr
ot

ol
ue

ne
,2

,4
-

c
Q

3
o

7

D

ro
V

I

itr
ot

ol
ue

ne
,2

,6
-

c
Q

D
o

v1

D

?i
V

00

1

he
ny

la
m

in
e

o.
Q

1

he
ny

lh
yd

ra
zi

ne
,l,

2-

Q.
Q

D
o•o
v"

D

I*}v

00

1

«

i
CO

4J

,r^

w

3
o
10

V

D
0

V̂

00

1

jr
an

th
en

e

3
U.

3
o
10

V

o
r^i
V

3.

Uc

3
C

D

§

D
o
|2J
v

i

ac
hl

or
ob

ut
ad

ie
ne

43
X

3
o
1O

D

J3j
v

3.

ac
hl

or
oe

 th
an

e

S
X

D
o

\7

D
o
j3j
v

I

ac
hl

or
op

ro
py

le
ne

X

X

D
o

v1

D
°

v1

00

3.

:n
o(

I,2
,3

-c
d)

py
re

ne

11•oc

3
o

7

3
°

V

00

1

g

1
O-

3
o

7

o

v

00

1

u
£

3
0
IO

3
o

V

00

1

c

1s

3
0
ro
V

O

V

00

1

hy
l M

et
ha

ne
su

lf
on

at
e

u
s

^8

D
o
o
v

00n

hy
lc

ho
la

nt
hr

en
e,

3-

u
5

2
o

\7

D
o

v

3.

hy
ln

ap
ht

ha
le

ne
,2

-

u
S

D
o

v1

D
o

v

00

1

it
ro

so
-d

i-
n-

bu
ty

la
m

in
e

c
Z

D
o

v1

D
o

V

00

1

itr
os

o-
n-

pr
op

yl
am

in
e

c
z

D
o
m
V

D
o

v

3.

U
C
1

•5
S
|
c
Z

D
o

v

o

V

1
itr

os
od

im
et

hy
la

m
in

e

c
Z

D
oto
V

D
0

V

00

1
itr

os
od

ip
he

ny
la

m
in

e

c
Z

3
0

v1

=
rn
V

1
itr

os
om

et
hy

le
th

yl
am

in
e

c
z

s

(U

£
Q.

_OT
X

j
jQ

2
"55
g
UJ

ĈM
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ĈJ

ci*
CA

X)

X
9

V

1L.
CL

3
g

V

I
a.

CL

3
g

7

I
rL

ijo
CL

3

s
7

I
i

iA
t/1

3
g
7

BO•sa.

iA**
rf*

itr
ac

hl
or

ob
en

ze
ne

,

I-

o
Cf.
Qu



I-

CO
H

i £j ̂
4 ^ - o
0) *~

.Q >y *3w ^-" x*
H < 42

f-y. ^^

O ,̂ Jto
>: w

S
S g
p̂
en

i
Q

<N ON ^

< I 1 1 ^ w I
c/3 — o — rs H-l m

•^ P^ <N

fS ^ ^

s i i ^ ^. §°? <~~ o C i * < ^
^ NO r~- o tJJ >ri
C/3 — O — CM — 1 fl

I
~ i -
- - 1 « - 53
S S S « T ^ g
S S § = fs g- <

•*

^ 00 1 f' TJ. ~— 2T

^ ^ O — ^ •< r*l
<^ o i^ o ' W i/j
C/3 — O O O i-J r^i

m

- 8; ?
« F: 5 ^ ?M < g;
< 3 F= c; ' w ^
w — o o o i-J m

•j "5 i-

1 9 I 1 1" ^ 1
o w u y «j "rt ^3

1 1 1 ! 1 1 3 j

"c
D

tn

3

|<
39

0 
U

BO

•a,

\o
t"

H!

ra
ch

lo
ro

ph
en

ol

j-t

|<
39

0 
U

BO

a.

ui
di

ne
.o

-

£

D

7

3.

•n
•*"

:h
lo

ro
ph

en
ol

,2

(5

o
ON
r-t
V

I

§

NO

:h
lo

ro
ph

en
ol

,2

IE

|<
39

0 
U

00

a.

o
o
o"
aa
o

o

Sg-o
£

P

I

m

ni
tro

be
nz

en
e,

!

S

D
o

V

1

|

ON

"v

00

i

;to
ni

tri
le

u

I

.c

"g

1

a.

yl
on

itr
ile

<

|<
12

0U

a.

6

t

-^

D
ON
vi
V

1

4>

I
1

V

uc

oo
V

r--
V

oo
V

I

"BO

iz
en

e 
(s

cr
ee

ni
n

a

00

1

im
ob

en
ze

ne

£

->

V

"a>a.

m
io

fo
rn

i

a

D
ON

I

•b
on

 D
isu

lfi
de

0

D
ON

v1

001

<u•o
•r-

•b
on

 T
et

ra
ch

lo
i

CJ

-
D
ON

v"

1

lo
ro

be
nz

en
e

U

-
D

V

1

u

•5

lo
ro

di
br

om
om

c

U

D

BO

1

lo
ro

e t
ha

ne

<_>

BO

1

fS

1,C
U

lo
ro

et
hy

l V
in

yl

s

D
ON

V

BO

1

1
5

D

a.

lo
ro

pr
en

e.
be

 ta
-

<J

BO

1

lo
ro

to
lu

en
e.o

-

6

BO

1

lo
ro

to
lu

en
e.

p-

6

-.
D
ON

V

BO

1

•ro
m

om
et

ha
ne

Q

|<
39

0 
U

00

1

r?if

1
u
5

<3
90

U
BO

1

i

!3

;h
lo

ro
be

nz
en

e,

w

S

oo

oo
CO
LU

o:
Q.

CD



t
Q

H

</) ®

- ^r^

3 5
« ~ 1

^1
•* X -w

H ^ ^2ta S
to

•s_ es
S w
^f ^^-
^H N>

^^ ^^

^
C/3

i
Q

TT I— <N

l l l l ^ S
"t r- <s
CN CN "^^-i Q ^ ~L

i 1 1 1 ? a !w — 0 — PJ J m

i
r^ ^

^ - 1 « - Z %Q 8 c <R T ^ g

ON r-- ON

"T °° 2 5

°? ^ o !2 ?M < S
< NO r5 ON .' W iA
C/3 ^- O O O J rn

^
• " 2 T•7 r^ CN ,4,

? ^ S - « < S
^ "^^ " ' ' fTl '

C/3 — O O O -J fl

I s a P a r •§
O U U U 1> 'S "^

l f f f f l ^ l

cu

g
u

<
39

0U

1

or
ob

en
ze

ne
,l,

4

•s
Q

D
ON

^v

a.

c

or
ob

ro
m

om
et

ha

•s
Q

D

5

00

a.

I

or
od

ifl
uo

ro
rn

et

u
Q

D

a.

or
oe

th
an

e.
1,

1-

o
Q

D

v"

eo

a.

or
oe

th
an

e,
l,2

-

JZ

D

D

v1

a.

or
oe

th
yl

en
e.

1,
1

•S3
6

eo

a.

or
oe

th
yl

en
e,

l,2

u
Q

D

v1

00

a.

i

'v

or
oe

th
yl

en
e,

l,2

-C
u
Q

i

i

cs

or
oe

th
yl

en
e,

l,2

•s
Q

ON

V

1

or
op

ro
pa

ne
,l,

2

j:
u
Q

1

eo

$

m

or
op

ro
py

le
ne

.l

•g
Q

00

a.

(fl

m

or
op

ro
py

le
ne

,!

u
Q

eo

"a,

cf»

c

1o
JCu
Q

1

i-

X

O

eo

a.

C4_C

00

"a>

uf

>>
ia

D

uS
V

00n>

M
cl

ha
cr

yl
at

c

>
UJ

1

00

1

be
nz

en
e

.r
til

\7

\7

(N

V

00

a.

^^
00

be
nz

en
e 

(s
cr

ee
n

>•
w

D
O;

v1

COJ)«
"Soa.

cn
e 

D
ib

ro
m

id
e

0̂1

in
V

00

<N

C
Oca
I

D

1

ucrt

O

o

001

ty
l 

A
lc

oh
ol

£>

S

D

*V

001

ac
ry

lo
ni

tr
il

e

s

3

V

a.

yl
 B

ro
m

id
e

o

g

I
yl

 C
hl

or
id

e

•=
2

§7

00

a.

uc
0

.c
w

u

D
ON

a.

3̂rt

u

-C

s
O
C£
9=
CD



UL

C/3
H

D *£TT A^u

H*N ^^

J j3

H^ ®

10 !> 0

3 S "s
03 f-* U

fe =

O ^J
SB

5 ^S «$
S

co

g
Q
fe

(N ON Vj*

S g 1 g ^ < S
c/3 — O ^- rj i-J r*>

^f t̂ - o*
( N O ^
T O O ; p n

* g 8 S * < f
<i \o i^ o .' W »r»
C/] —• O •— ' <N •— ] f^

§
t^* ON

__ ON ,— i
^ IO ON Q

1 1 1 « ; 1 1
K — 0 — (N CX •<

„.

r „ 2 t•7 co cs .̂

2 ^ s ^ 7 < ^•<, vo t~- O^ _ W irt
C/3 — O O O >— ) r^

— ON ^

? K 1 - " < 1
<t vo r*- ON W tr»
C/3 — O O O i-J ro

B | f s

O O> W U U (3 -5
" S 1 - 1 - 1 - 1 - O . J 3
g l l l f - S - g ' S

cu
3

to

6

D

00

1

4

2-
pe

nt
an

on
e

u

OS

I

_«
w

3
J3

1

1

P
OS
wi
V

001

ne
 C

hl
or

id
e

I

|<
39

0 
U

1

lo
ro

be
nz

en
e

1
1

p
s
v1

00

1

lo
ro

et
ha

ne
jp

en
ta

ch

P

17

001

ucu
N

lo
ro

ni
tr

ob
en

jP
en

ta
ch

D
(S

001

_u

c.0

—•

OS

1

1
c/5

•̂

D
OS

00

1

(N

_T

or
oe

th
an

e,
 1

JT
et

ra
ch

l

•̂
P

00

1

(N

-I

or
oe

th
an

e,
 \

|T
et

ra
ch

l

~>
D
°".
V

1

U
C

O

|T
et

ra
ch

l

v

0
C

CN

V

7

(N

V

00

1

"oo
c
'Eu

-E
Vc

^

o

jT
et

ra
ch

l

->
D
O;

CO

1

jT
ol

ue
ne

o
7

uc

V

o
7

7

1

(s
cr

ee
ni

ng
)

[T
ol

ue
ne

P

g
V

00

1

r-f

ob
en

ze
ne

,!
,

o
o
£

<—t

p

V

00

1

T—

I
^O

o

oo
v"

uc
OS
OS

7

TJ-
r-
7

OS

7

001
'So
C

1
0

_ *,

1L«

U•c

>->
P
OS

V

00

1

<N

1

1

JT
ri

ch
lo

r

P
OS

V

00

1

1

U

S

oo
7

uc
OS

7

r-
7

OS

7

00

1

'ooe:
'5

1

oe
th

yl
en

e 
(s

5

OS

V

a.

«

•5

1

om
on

of
lu

or

0

•g
£

>->
P
OS

V

00

1

of

op
ro

pa
ne

,!
,

_P
o

p
"O

V

00

1

as
S

c

p
(N

7

00

1

u•o1
u
c

in
7

uc
SO

7

7

\0

7

1

'So

o-
 (s

cr
ee

ni
nj

w"
1

•^
p
OS

v1

OO

1

1

JJ

1

00

1

; (
T

ot
al

) 
(s

cr

Vc

X

oo
V

c
oo
V

£

OO
V

1

j-ĜO
_C
c

1
o.

E
1jj
X

or
9=
d



LL

</5
H

5 ^

^ 5
o y |

3 S "S
•rt _-*» O

J3 S £
« iC 1.
H •<! «

fe 35
O ,^j

t5
>i *

* £

1 2
£-*

P
i/)

OO
i— r- o
m o^ ^
A O r- S
f5 M oo -n - o2 s 1 « » < s
< vo r^ o - W u^
c/3 ^- o — "O >-J m

p^ g. 1
*T "~" 2i °
°? ^ | S ~ < 5
W3 ^^ O "~ *O O"1 ^

r- p~ om o ^o

°° ° S ^ - S"I m § "^ °f < fr^ i^ f^ ^ ^ UJ |^j
C/5 ^- O — ^D i-J ro

x^

1
OO

fo r- i"-

-^ (N O (.̂ j

° | S f, * < S< S S 6 ' u «:,
C/3 — O — CM -J m

5 _ l S
v} ^ o «•! ^ < °
< 3 ?5 6 .' w «Ac/) — o ^- (N -J m

^Q a | s. £
1 S <3 I & | 1
O OJ U U 4> M ^
* 5 C L Q . O . O . Q ^ ' w

S
en

§o

•o
S

[D
at

e 
M

et
al

s 
A

na
ly

:

Si— i

1t-~o

o\

3r^
o

0\

ONo
r--o

r~
ol

S

1

1

o

o

•os

[P
at

e 
O

rg
an

ic
s 

A
na

•ou

JD
at

e 
PC

B
s 

A
na

ly
zi

1

C
o

<u
N

(D
at

e 
Ph

ys
ic

al
 A

na
l

"O
1)
N

<

O

rt
00

O

[P
at

e 
Se

m
i-

vo
la

til
e

M

>l

M
C

5

[P
at

e 
of

 M
et

al
s T

C
I

I

[P
in

os
eb

£P

[A
rs

en
ic

1

[A
rs

en
ic

 (
TC

LP
)

I

|
•c
cd

CO

E

[B
ar

iu
m

 (
TC

LP
)

OO

[C
ad

m
iu

m

1

[C
ad

m
iu

m
 (

TC
LP

)

OO

E

[C
hr

om
iu

m

1

[C
hr

om
iu

m
 (

T
C

L
P)

00

1
CLoo

00

1

I

¥
2

1
1

S

1

[M
er

cu
ry

 (
T

C
L

P)

00

1u
iz

1
1

[S
el

en
iu

m

I

[S
el

en
iu

m
 (

T
C

L
P)

OO

u

1

[S
ilv

er
 (

T
C

L
P)

001

oc
N

00

i

VO

O

mu
a.

6a

a

m

o
CO
CO

X
UJ

(̂N

i
oo
CD
111

Q-z.
o

CO

o
LU

O
CL

9=
o



VI
H
J ^
H^ >-
W5 ^^

« pl
4 ^ £^ O

1 z £
E_| •< «

fa 33
O ,̂ jts

< £
2 «8^^ J?
^̂ j HH

^^
P

00
i*- r- o
fi O "O

S 1 S « 5o ^ §i C O <N °° •< f-
< 3 g o ^ ta .A

i
B „ 1 1
gg | i jn -M Z §

2i § I 2 i, a <

r~ i- o
m o ^ o
"T — °* r^
CQ 2 - K
op r- g ^} 5o ̂ j °

< 3 l~ 0 ' U 10
c/3 — o — vo J m

g

Q

oo
m r^ Is*
rn O\ "^
*~* <N ^ oo
CQ « C r-
^ J± o <^i ^ < S
< 3 P: o .' W >A
W «— • O ^- (N i-J r*^

m O\ v^
T - ON ,i
CQ ^ C r~
rt; !~* r̂  «o .̂ O
i O *O <^ l̂

< 3 r= o .' w iA

Q a g s. _«
•^ S Q P Q 1" "1
o <u w u w j3 ,3
' i g - g - g - g - o . a
o | | | | ^ J 3 - g

1

in

§u

I

<N

rs

CQ
O
CL,

3.

fS

(N

CQ
U
CL,

I

OO
Tf
fS

m

I

.̂
CQ

00

•a,

o
o

m

I

(N

la
m

in
o
flu

o
re

n

1

I

a

e

D

?

00

3.

r^

:̂=
Q.
0

m
o-

3-
ch

lo
ro

pr

o

Q

00

^

S
o

a

00

3.

|

i5

00

3.

3

O.

00

3.

:h
lo

ro
 b

en
ze

ne

X

I

CO

3.

C
.H

1

:h
lo

ro
cy

cl
op

er

i

00

3.

U

2
o
O,

D

3

EKI

C

|

U
e

P
et

ro
le

um
 H

yi

rt

00

•a,

1
D.
C

00

3.

C
U

1
o.

1

001

o
c

D.
3

U

I

o
b
ip

h
e
n
yl

,4
-

c
'E

I

c

'S

1

U
C

C

I

U
C

"O

1

1

)[
a]

an
th

ra
ce

ne

1

I

u

s
u

CQ

00

3.

U

1
s
CQ

1

U
c

.52

f
u

CQ

001

("

>
[k

]fl
u
o
ra

n
th

e
i

S
g

CQ

1

•o

s
5

CQ

JD

r
1
UJ

ĈM
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ôo
7

ON

7

7

7

BO

a.

'oo
.£
c
SJ

1

ifp
o

JZ

s

3
vp

v1

3

VO
V

3
o
vd
V

&0

"3)
3.

(

rs

•o
et

ha
ne

.lj

o
4H

IS

3
vp

^9

3
tf

3
o
vd
V

00

"ol)
3.

Vc

1ug
o
j:

E

u
I— »
00

VO

ON

7

7

00
7

a.

'BO

c

i
0>
c

u

o
JZ

S

3
vo
vd
v

3

VO
V

3
o
vd
V

OO

"§)
3.

C

5

1
S

•o
m

on
of

lu
o

P
.c

E

3
vp

v1

3

^

D
o
vd
V

00

•a,a.

•A
H!

•o
pr

op
an

e,
!

p
ji:

iE

D
vp

V

3

tf

3
0
vd
V

00•s,a.

a
S
<

,̂c

3

7

-i
7

2
(N

00

S
3.

•u
T3

U

^,C

U
c

J;
v

v

vo

7

7

VO

7

00IS,
2.

'Soc

b
oo

Vs
£

3
VO
vd
V

3

VO
V

3
0
vd
V

DOs,a.

3

W

5^

00s
3.

/00c
'c
u

(T
ot

al
) (

sc

vt1>
22

X

B

ON
V

OO
V

\?

V

00
V

00si

^
00c

g
i•A
I

E
U)

g

X

.
Q.

CD



h-

05
H

^0
t^ *™^

•^f ^^

" ^ M

4 >• -o
4> J *•

ea 2~ 'uH fc 5
o ts
>• H
< ^s °y
s ^s

g
Q

K s S
T t 0s ^.
m £! C vo
co oo » ^ 5o < P
• t̂, \o P-* c^ .' oJ iAw •— • o o *o •— 3 rf\

ooo r- ^»m cs oo
T ^ 2 o

I S 1 ? «• < ?
•< so r-- ON _ tJj »n
on — o o vo -J m

g
Q

u~>
^ t^- (N
*S) c* OO
-J* \O C1 ,y^

CQ r^ ^ .« ^!
°? °° — S ^ •<; —
< S is ..: .• 2 ^
C/3 — O — •» J (N

.̂
•* 1— (N
irj c> oo
— >r, 0 4
ffl ? C —
^ oo ^ 2S ̂ b ^ 2< s ^ in • s ^
GO — 0 — ^C J IN

« u i s
9 Q £ •= ^ ^ *£

.2 .Si u u w e5 -7

1
1u

1

1

[D
at

e 
M

et
al

s A
na

ly
£
O
c^

5
55

Ov

1

S;o\

07
/1

8/
1

i
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g 08I 2
D
05

g
Q

ON

f~ ON O

CD S ' — • ^
«? g S S t < £
< o M ^r . UJ vo
C/3 *-« •— • t— i CM J O\

oo

t""~ ON o
NO — ON ^

op IN 3 5 ^- < f£
<^ O fS (N _' UJ vo
CO — — — M _] ON

o
NO *^
ON <N

2s 1 o - 5
g g S 2 " SS 2
K •— ^- •— • *O i— ) O\

fS

i || g o g i
C/3 2 ZH — ^- _J ^

^

r~i ^ rO

*^> (N ^ ^

? S ^ ° "° < ^
< o — o -' W NO

Q a 1 t «~ G a -3 Q g- f
O u u w o "S >5i 1 1 1 1 1 3 1

cu
3
5
iu

oo
V

I

1

2-
pe

nt
an

on
e,

'

_i
^"

I

\7

I

L
w

XI

S

je"
*u

V

I

ne
 C

hl
or

id
e

£
,c

1

00

a

lo
ro

be
nz

en
e

•g
3
£

i

lo
ro

et
ha

ne

.cua
ga.

I

o
u

lo
ro

ni
tr

ob
en

z

£
3
g

Oc

00

a.

«

c
Q

'5.

V

00

3.

U

U

M

V

3.

IN

-• I

or
oe

 th
an

e,
 1

,1

j=
«
(^

V

I

I

H!

1
f
Hc

V

00

1

1
eo
JI
so

o
V

V

o
V

oo
V

O

1

"oo
c

0b
(A

or
oe

th
yl

en
e 

(

4=

S£3

V

1

C

3

is

-
V

<N

V

ON
O

•n
V

NO

v1

1

(s
cr

ee
ni

ng
)

u

3

§
V

1

Tf_

ob
en

ze
ne

,l,
2

^o
J=

f

V

i

1

j
o
j=

IS

g
V

p~o
V

o
CN»
V

o

V

oo

v1

1

"oo
c

u

o
VI

i
0

-C

15

V

BO

1

,
CN^

C

0
J5

S

V

00

1

1bfl

J=

s

ON

7

O
CNI

V

^

<N

V,

V

NO•/•>
V

00

1

'oo
c
u

oe
th

yl
en

e 
(s

c

b«
O

-C

IE

V

1

U

§

E

om
on

of
lu

or
oi

bo
J=

IE

V

001

m

op
ro

pa
ne

,l,
2

o
j=

IE

V

1

ce
ta

te

<
•5;
c

V

1

1
15
O
•£,
e

ON

V

fN

00

1

D-
 (

sc
re

en
in

g]

c
JD

£

V

1

s
on

C
JU

^

O

v1

V

fS

V

oo
v

m

1

^_^
bO
C
'c
a>

H

^

!
(A

1
£

v

7

|

-3.c
g

CL

1

U

JU

^
a:
a.



LL

t/3
H

» S1/3 nU

J 5
0 ^ J

1||

H ^ ,2
fe »
O ,ua?

c2 ^
5 el

s *s

g
Q§2

VO <N
NO ON fS
r*~ 10 ON jj.
-i NO r- ?M S
g 0° M ̂  - 0

<' CN ̂  *?: ^ i
0 rvl — o U NO

O

NO ON <N

g » i o 7 o
< O (N — O U NO

C/3 — — — — — 1 ON

i
o"

ON ON O

CQ r-S ^ ®

< § § § J w |c/3 ^- ^-< r— r4 -J os

*O
\o ^

ON ON O

i § ^ -> ^ £°f ™ 0 m •* < vo
< O M O -' W NO
00 — — — <N J ON

f ' b

^ S 3 i= 5 ^ "I
O (O 4> « l> •£ ^

I 11111*1

C

3

toc te 
M

et
al

s 
A

na
ly

ze
c

S

*
ON

3
<N

CN

O

ON

1
fN

—

§
CN

S
2

§
CN

i

rs

Ĥ
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^ w
^•H ^^

^^ [^ta^ Kig °3
S OHf^

03

g
Q

§2

\O fN
NO ON <N

J. NO — ?S S
Si S 00 in ~ O

• ^* — rM ' ^ [-~
J. <N ~ •• • c 7i i
< O <N — O UJ NO

M ^- — — — J ON

O
O <N

2 S | M S

< O (N — O "I NO

1/3 — — — — J ON

g

Q

2

^
ON ON O
•« 0 0> ,̂

CD S ~ O

" S i - * < ?< o JN o .' tU NO
00 — — — rN| J ON

NO
NO ON

ON ON O
NO ON 0 ^

™ R S S * < £
< S ?3 0 -' « NO
M ^— — • ^- C^l ^4 O\

^^

1 e I 1 I 1 1
| I | E E 1 ^ |
N J c o c o & o c / ^ i — J i - J D

1

1

Ia

rNi

CD

00

•a,i

S
m

1
=1

OO

(N

8
OH

00

•a,a.

5?
(N

CQ

Ia.

S
CN

m

I
zt.

i

la
m

in
of

lu
or

en
e

1

I3.

JU

e

I
i

4>"

m
o-

3-
ch

lo
ro

pn

1
Q

1̂.

a
1
1
S

00

•a,a.

|

"3
Q

00

^.̂

3

1
cd

OH

00

<£

a.

ih
lo

ro
be

nz
en

e

a
Xu

00Si

c
4>

•5
2

;h
lo

ro
cy

cl
op

en

X

S

00

^>a.

0

S
OH

00

E

o
1
Ue

Pe
tro

le
um

 H
yd

3
(2

001
=L

U

g

"§•
g
<

001
3.

ip
ht

hy
le

ne

cu
0

&0,̂a.

I
1o.o

1

00<&a.

ob
ip

he
ny

l,4
-

c
E

00ta.

c
'c

I3.

c

c

DO

^3.

<u
c
;5

1

001a.

)[
a]

an
th

ra
ce

ne

1

00

^>a.

1
Q.

¥

1

00$3.

<u

I

5

i

00^>a.

1

8.
1

1

oo
1a.

0)

)[
k]

flu
or

an
th

en

a
1

00*a.

•o
'u

_u

|

00

CNl
in

(D
O)<n
Q.

2
0

%
LJJ

^:<N

CO

5
(O
111

Q̂
Z
O

CO



Cfl
H

S t^
r** O

M 0.

J *

« P 1

? S "H
3 ^ "c
" 5 **

ta M
«j

^ W5 >
^•S ^j

3 ^^5

»

?
Q

t^- »rj Ox _ ^

™ S 2 ^ 7 <• §
< O (N r- O W 1O

0

^O O^ *N

% S 1 ° ? < ?
< 0 CS ^- 0 W vo
C/3 ^- r— — " ^- H-l ^

?

Q

r~s o i ^
oa fS ~ §°? a o S ^ < S
< o ?5 6 ' S vi
C/3 ~ — — (S J O*

VO

1^ ON O

CQ C ~ °^7f( jrt "o î  14. î -
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ŵ

•S
S

1

«

yl
 M

e
th

a
cr

y

•S
S

CMin

03
O)
ra
D.

JD

1
Q)

UJ

CM

00

oo
CD

UJ

Q

O

LU

Oo:a.



H

^ £

1

^ 5
o ~ °

2 ^ 1•S z t
H •< «

fe «
6B

>• *
0-j >

S e^
^J •

^P

-̂,

Q

\O <N
VO 0V fN

E5 °° 00 in ~ O
i S — <N > < r-

< o ?5 - o W vo
CO — — — — iJ O

o
VO Ov <N

°? {Q 22 <N i < f-.
< 0 ?4 — 0 W -0
C/3 ^- — *- ^- >-] O

?

Q

vo o
O o ON Q

! § i $ * < 1"^ O <N O _ tU \£>

S I §

s ! i B * < i
*< O (N O _' tU ^o

^ p "i. &
1 9 Q P Q I1 1
O 4> 4> U U 'S -5

illlllsl

c

1
O

1

en
ta

no
ne

,4
-

V-
1̂

S

60

a.

u

W

|-

H

f

1

6U

a

C
h
lo

rid
e

V
c

u
2

a.

jb
en

ze
ne

S

| 
P

en
 la

c 
h

60

a.

c

0

|p
e
n
ta

ch

60

"a>

an
itr

ob
en

zc
n

o

jP
cn

ta
ch

a.

'£

i
I
0-

00

•a,

u

1
y>

60

a.

,

c

S
§

[je
tr

a
ch

00

a.

,

(N_

C
C3

O

JT
et

ra
ch

60

•a,

u
c

_u

8
o

[le
tr

a
ch

V

7

0

o
IN
V

00

a.

60
C
C

>e
th

yl
en

e 
(s

c

o

JT
et

ra
ch

60

3,

JT
ol

ue
ne

\n

a\

a

7

r~.
V

bo

a.

c
c
e
^

|T
o
lu

e
n
e

00

a.

•*_

1
i

S

1

i
0

0

1

rs
V

oo
00

7

0

o
rN
V

I

'oo

?>
fi[/)

J=

e
2
u
•c
H

1

V
c
as

0
^O

o

1

<u

JU

§

[T
ri
ch

lo
r

oo
(N

i— i

OO

o

o
(N
V

60

1

'wi
c

Sv>

C
U

£
0

o
1

1

u

j3

o
n
o
flu

o
ro

m
f

P

S

1

H!
oT

1
0fe
x:
o

60

1

U

3
u

_c

I

•o
•c

u

c

(N
rs
V

O

1

sc
re

en
in

g)

o
u
c
~

X

1

I
b
c
.H

X

CN

(N
rn
V

1

"oo

o
ta

l)
 (s

cr
ee

n

e-

V

s
X

7

0

7

1

00

- 
&

 p
- 

(s
cr

ee

E

C

X

o:
Q.

o



H

N &

U 3
^i O

T
ab

le
 4

-2
c

>F
 A

N
A

L
Y

T
]

t H
ar

tf
or

d:
 S

W v>

M
M

A
R

Y
P

&
W

E
a

3

(N
\O NO

fN» ON f>
00 _ ON ^

?9 ^N Q |/^ O _

i ^ fN r*"l ~~* ^ f"^
< 0 <N ̂  -' "J ^0
C/3 ^-" •— • — OO i— ] ON

OO

(N ON <^1
oo r~- <^> '
CQ S C ^ 0S J* o o 2 ^ j^
< o ?5 ^ .' U ^
C/3 — — — 00 -4 ON

^0
OO

^O -rt-
(N o\ ..:,
op r^ ON g

S? | | s 2 j 3
vj ^- — ^- 5o •< <!

g
Q

K

8
O ON <*l
00 00 O> 00

? 1 i s * < 1
< cs ^^. • - i f 71 i

0 (N f^ . W vo
yj — ,— — o i-J ON

\O ON
O ON <N
OO f*"i ON -i
o g c o
q g 2 S « < p

3 2 S i i 3 s

Q a | s. g
| 9 S P a | |

1 t 1 I 1 1 ! 1
2 $ 3 % & 3 3 o

1
1u

ÔN
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ĈM

OO

CO
CD
LU

Q̂

CO

o
LU

O
f±
Q.



LL.

Ss

t/3
H

1-
« ^ 1

Ja ^ £
B» <£| fc«

H •% a

fe *
O ,^j

to
^ «
*̂  fe3
^^

•< >
^? O^J

S
r/j

<N ON f>
°? = 2 "*>
ffl S g ,n 2 < p
< o § ^ ^ U S

00

(N ON f">
00 [^ ON '

go a g o 2 2
<^ o ?i >X -' W \o
C/2 ^^ ^- ^- OO i-J ON

>O
00

<N ON 2
Op (^ ON 3

03 ON ̂  b ON"? jq S S — -i j
^ O (N Wl „ ™J *TJ
00 — — — 00 <<

g

Q

\o o
O ON f*l
Op CO ON J,
CD S ~ §Jjj ^ ON <n Jj, —

< o ?5 <n -' W NO
00 — — — O -J ON

T»
NO ON

O ON (S
OO m ON -^,

oo ?! 5* o 5o ,, ri x; ^™ fi ^ r^-
^ O (N r*> ' ^ ^O
V3 — — i— '•O kj ON

9 Q S I 1 b |g S Q f- Q f |

l l l l l l i i

1

u

^V

i

yl
-2

-p
en

ta
no

ne
,4

1

HI

\?

00

3.

t,

jr

^
C

1

ro
OO
V

00

1

yl
en

e 
C

hl
or

id
e

1

00

3.

ch
lo

ro
be

nz
en

e

1

CIi

1

cn

o
u

1
o.

so

a.

oc:

ch
lo

ro
ni

tro
be

nz
e

3
1

t>0

a.

1co•ae
OLt

ft
v1

001

u

00

•r,

\?

00

=L

(N»~r

:h
lo

ro
et

ha
ne

,l,
l,

i

in
\?

1

rs^
(N*

:h
lo

ro
et

ha
ne

,l,
l,

fi

<0

\?

1

ch
lo

ro
et

hy
le

ne

1

00

\7

OO

V

(N

O
(N
V

1

"So
p

'£us
0

:h
lo

ro
et

hy
le

ne
 (s

s

m

\?

001

1

o
V

o
V

\7

\7

1

f
C

u
c
u

1

^f

lo
ro

be
nz

en
e,

l,2
,'

[S

•0
v1

1

1

t

(N
OO

V

s
v

in

V

»o
ON

V

00

1

'oo
.£
cg
£

lo
ro

et
ha

ne
 ,1

,1
,1

 -

.c

f

in

v1

1

cs

w"

1
o
.c_o

in
in
V

oo

1

lo
ro

et
hy

le
ne

S

00

\7

OO

V

V

7

I

00c
'£
u

lo
ro

et
hy

le
ne

 (s
cr

f

m

v1

1

4)
C
rt

^̂

lo
ro

m
on

of
lu

or
on

u
H

m

'v

00

1

rf\

lo
ro

pr
op

an
e,

 1
,2

,!

u
H

m

v1

OO

1

A
ce

ta
te

^c

m
V*

00

1

C
hl

or
id

e

c

ON

V

ON

V

$

\/

1

ie
,o

- 
(s

cr
ee

ni
ng

)

JU

X

in

V?

1

1i
X

00

1

'Soc
'2

o

I
tfl

g
JU

o
V

0

\7

\7

o

1

•3

5

6
O

|
X

CD
O)
ra
0_

tn
x

I
UJ

I
co

co
LU

Q̂

3
15

OH
Q.

O



</)
H

||
O •*

« E t»
^J fc*

2 3 ^« ^ >«
H < J*fe »

O ,uw
•V. «
£ w
^3 ^
5 *y
g CM
^5

c«

Q

r^ CN
m ON oo
00 ON ON . ri' vo — vo £
9 g; oo ̂  - . S
^ S ? ^ - 1 5 9
< O — »- •» "i I—
00 — O " "• i-l ON

rs
v^ ON OO
00 oo ON . ^

^ " 0 S " < 0
< g i ^ ^. W ?.

CO — O •- — i — 1 ON

g
Q
fe

r^-
I^ 00

m ON r-
M fN ON . J.
^ 10 — T 7|

c/1 jq g ~ < 0

co § o " - S S;

m
r- oo

°? 5 2 ^. f~-
S "^ fS O "" <N

< O — >/i fs W fi
C/3 — O ^- — i-J ON

Q § E o- |
~ 9 Q p (S g" E
O U 4> O O ^rt ^

] 1 1 1 1 1 ̂  1

1
to

u

N

[D
at

e 
M

et
al

s A
na

ly
§
-̂-

^
O

r-
8!
S
0

r^
ON
ON

3;
O

o

ON
ON

eS
§

0

1

[D
at

e 
O

rg
an

ic
s A

na

•o

[D
at

e 
PC

B
s 

A
na

ly
z

"S
>>

[D
at

e 
Ph

ys
ic

al
 A

na
l

•o
S
C3
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â.

lo
ro

fo
rm

U

i
a.

lo
ro

pr
en

e.
be

ta
-

u

00

^>a.

lo
ro

to
lu

en
e.

o-

u

Ia.

lo
ro

to
lu

en
e.

p-

U

00

â.
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ĈM

OO

UJ

Q̂

O



LJ-

2
Q

H
hJ V

g §

d 12
u s

•o P o

ill« 3 -g
to B

M
JH 53

^ >
| «3
^1 "̂̂

CO

2
Q

wi r- •**•
Tt ON ^

J. m — §

«? ° ^ § «f < 5?

Cfl ^- o *-• SD i— 3 ON

5 S 5
— ' cs ON ^
BQ JC C o;
°? ° 0 !n °° < rs
£ VO ^ 0 .' Uj |i

2
Q

K

"" S; "
T •" ^ - iA
« S S o - S^ - ^ s . < s
^ 2 S :: 2 § S;

o

3 o 1 ^
^ !T m m » •< (N
^ 3 m — o W rL
00 — O — — J ON

1 2 I 1 S & 1

1 1 1 1 S- 1 S iQ e o e o a l a i c a c g f c

§

CJ

I

U

§

1
0

Q

00

3.

r^
u

1
S
0
o

Q

3.

«

O

ii
•h
Q

3.

4

U

1

1o
•e

Q

BO

3.

u

p
so
*•
Q

1

|

I
c
•o
o
o
•L-

Q

BO

a

,

u

1
I
J-

Q

30

3.

,

o"
n
x:

so
JZ

Q

3.

-.

1

O
O

+•

Q

1

cj

1
I
J=

Q

1

'?r^

§
1-
1

•Li

fi

3.

W)

!
i
i
•c

fi

00•s,

f^

1
1
J=

fi

001

i-

1
J=

Q

001

to
O

1
J=

Q

1

C

t

S"
JJ

1
o
•c

fi

3.

4

1

><

fi

3.

V_«

a>

3.

1

(N

V

U
C

>o
\f

V

~
V

I

•5
cu

s — •

1

IB

00

3.

•o

1
1
W

3.

(N

O

X

X

00

3.

u
c

1
o
0

1

1s

^
X

.

00

3.

U

•fi
1

•h

2.

00

3.

^H
o
&

•t

25

00

3.

U
•o•co
U

•h

2s

i

s

"x

•S
25

&
(0
Q.

8

Iw
1
52
UJ

D̂
Z
O

o
UJ

Q.

O



CO
H

CO T3

y I

4> 3
V ^! I*

« § rH < S3
tb ^T^

O ^^
-M

* 1
1 ̂^Et ®v
^5 ^^

CO

g
Q
§2

in p- **•̂  os ^T1

— ̂  f> ON ^

l i l i ^ s s S
C/3 — O — VO i-J ON

*f ON f^l
~^ <N ON y^

ffl !C C . o;
°? ° o K w < S
^ S ^ o J W r i
(/I — O — VO J O\

g
Q

5 & S

i i 1 * T < a
^ 3 ?5 - o S rion — o — — J ON

0

S I 1 o - 2
' r*~t C? r*1 ' ""^ î1
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ĈM

CO

^
CO
LLI

Q̂

O

^
Q.
CO

O
LU

I
Q.

O



t/3
H
J «
P £

j 2
•< 5r ^ '**̂

^3 ^^ ^5
«o p^ ^5

"* j -ov ^3 î
3 5 *2
A ^ -*^

H "^ «
d. a
O ^^

"S
^" w
££ W
•< £
^ Q^
^5 ^^

P
en

Q

'O r^- ^*r* o> o
•— ' vC ON Q\

" 1 1 s « < s
^ 3 ^ 6s" ' LU <A
C/3 ^- O O \O -J (S

P-

~ »o os î.
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ĉ
v'

CCl

3.

JB
ut

yl
 B

en
zy

l 
Ph

th
al

al
c

3
0

V

3
0

V̂

3
oin
v1

00

"a

JG
ar

ba
zo

le

D
o

V

3
P

V

3
o

V

00

3.

|C
hl

or
o-

m
-c

re
so

l,p
-

D
0

V

D
0
^f
V

3
o
ro
V

00

•a,

|C
hl

or
oa

ni
li

ne
,4

-

D
o

V

3
0
^~
V

2
o
in
V

oo

3.

[C
hl

or
on

ap
ht

ha
le

ne
,2

-

D
o

V

D
0

V̂

D
oin

3.

|C
hl

or
op

he
no

l,2
-

D
o

V

D
0

V̂

D
o

V

3.

uJ=

|C
hl

or
op

he
ny

l 
Ph

en
yl

 E
l

D
o

V

D
0

V̂

3
o

V

00s

[C
hr

ys
en

e

D
o

V

D
o
^j.
V

3
o

V

I

*o
VIs<J

D
o

V

D
o
*.f
V

3
oin

00

1

~5
g

L>

D
o

V

D
o
.̂v

D
o>n
v1

I

|C
re

so
l,4

-

D
o

V

D
o
,-J.
v

D
o
>n

1

«

1
£
H

C

3

D
o

V

D
oin
v1

1

|p
i-

n-
oc

ty
l 

Ph
th

al
at

e

D
o

V

3
oin

I

|
 P

ib
en

zo
[a

,h
]a

nt
hr

ac
en

e

D
o

V

~*
D
o
.̂

V

D
o

BO

1

jP
ib

en
zo

fu
ra

n

D
ts

V

1

U3

I

|p
ic

hl
or

o-
2-

bu
ty

le
ne

,l,
4

3
o

V

1-1

D
o
oo
V

3
ors

OO

1

|D
ic

hl
or

ob
en

zi
di

ne
,3

,3
'-

3
o
rr
V

~*
D
o

V̂

D
0
in

V

3.

|P
ic

hl
or

op
he

no
l,2

,4
-

D
o

V

"̂
D
0

V̂

-
D
0in

I

4J

"5

p-

3

P
O

V

"^
D
o

V̂

3
0
in

V

1

| 
D

im
et

hy
l 

Ph
th

al
at

e

Q.

d



CC
H

C/3 T3

«5 J3
^^ S3

T3 r*1 O
fS H CC

"^ J T3
V 3 *•

~~ ^ O^3 ^_ cS5

EMM ^C

t̂  ^M

O ^ ^

*-
JM SS
C^ &H
^r £^
3 *£J
3 2^5 ^^

S

8o r- î
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ô
m
V

00

1

"o

c!

3
o

V

00

1

"o

5

ô
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ĉu

X)

5

3
0

V

3
o
fl
V

00

3,

0-

uo
c
5

3
0

V

3
O
n
V

00

3.

U

|
 D

ib
en

zo
[a

,h
]a

nt
hr

ac
(

3
0

7

3
o
m
V

I

JD
ib

en
zo

fu
ra

n

3

2
V

3

V

3
o
vi
V

3.

tft
C

S
1

^,

Qi"
c

JJ

•9
(N

i
j:

3

3

oo
V

3
g

3.

.'

fl

| 
D

ic
hl

or
ob

en
zi

di
ne

,3
 ,

D
o

^

3
o

V

I
(D

ic
hl

or
op

he
no

l,2
,4

-

3
0

^

3
o

V

i
(o

ie
th

yl
 P

ht
ha

la
te

3
0

^

3
o

7

3.
jD

im
et

hy
l 

Ph
th

al
at

e

ra
0.

I
I
(UI

CM

CO

oo
CO
LU

Q

O

o111
o
a:
D.



H

OS
2 2

€

• e g o

IS l— •< o
08 ^ •**
H -< fc;

C5fe a
O ^^

"S
>H 08S w
u ^S cii
S P*
§

in
CM r— CM
CM n o . „!>
CO 5 ^ in ~ P!
"? ^ — CM ' < oo
!*! S c> 0 b "3 in
CO — 0 — — -J f>

1(N p- m
\o c> o
CS (N ON . ~
rf\ *«O ^~ P4 -y O
C/3 ^ O »"> "* ^ _,

^ O t> O O "^ r~"
C/3 ^- o — ~ O' <!

P-) P- fN

f^ <N C^ _ ^j.

S ^ O vt "~ ro
3 S C "M .' < °°* o o o o "J m

0

C^- oo a- . £
S-" K ^ %*_ ^ oo in <^
Q ^ ^ in ' •< -p
?3 vo cS CM o ^ in
P6 — O — — J CM

r- t- r~-
CM in o . J.
co — ^T ^ c^
r/i ^ O in ~" CM

I 5 § ?? .' < °?
^ O CN o O '-^ in
C/3 — O — — -J f>

oo
>n S in

CD "^ C ^ o
° 5 S S ~ < S
S^ o S d o W in
00 — O — — -1 fl

Q — F o. "td /^ « .E w x -°
~ 2 D S= Q 5 |
O 1> CJ 4J V "S -̂

S ||||l^|
J j C f l C / D C / D O O — J — J ^ 3

1
Ulc
u

3
o

7

3
g
P"1

m
V

00

3̂.

4,
D
Q

S

th
yl

am
in

oa
zo

be
n:

u
E
Q

3
o

V

3
o

7

00s>i

,

th
yl

be
nz

id
in

e,
3,

3

u
E
Q

3
o

7

3
or*-
v1

i
3.

r-i

oi
g
H

th
yl

be
nz

o[
a]

an
th

i

u
E
Q

^3
0

7

"̂

3

v1

€a.

1
C3

*C

"1*

D̂.

«
Uc

th
yl

ph
en

et
hy

la
m

i

4>
£
Q

3
0

7

2
g
P"

v1

n
3.

1̂
D.

f
U
£
Q

0

V

3
g
^

V

i
a.

c
Q

3
0

7

3
0

?

I
a.

ob
en

ze
ne

,l,
3-

t
c
Q

^S

—

3
g
^
V

"I
ZL

op
he

no
l,2

,4
-

ti
c
Q

*-»

3
0

7

3
g
P-

v"

i
a.

ot
ol

ue
ne

,2
,4

-

J3
c
Q

3
0

7

3
g
P--

v

Ia.

•o
to

lu
en

e,
2,

6-

J3
C

Q

3
0

7

3
g
P-

V

00

$a.

0>c

~
c1

ô.
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î NO 5^ o o 5. ""•;to — o — — Cf <

rs r- «N
NO CTs NO
<N fS O> . -i.
J. NO — CN S

^ o w^ ^^ P?
°? :; — (N i < oo
X 3 3? o o u uA
C/l •— • O <— < — >-J f^

0

ON <N
^ 00 ON . ,J,

^ "> 00 >0 "" , ON

1 1 I ~-° 3 S

•O ON >O
<N vO ON . J.

°? ^ O O ' < 00
^ S Sv 0 0 "J «A
C/3 — O — •— J c»l

OO

Vl ON «0

* 5 1 S ~ < S
vi 3 SN. o o w <A
C^ — O ^" •"• J f*l

r"

Q S £ o. S

O u o u u ta -^

jj |||||*|
> - J v a W 3 V 3 C ^ J i - J ^

i
en

c3

3

NO
V

3
m

^

3

Ia.

jm
om

e 
th

an
e

45
Q

0

?

<
37

0U

Oil

a.

(N

lo
ro

be
nz

en
e,

j=
Q

3
0

7

|<
37

0 
U

Ia.

^

lo
ro

be
nz

en
e,

•g
Q

3
O
5-
V

3
o

Ia.

*

lo
ro

be
nz

en
e,

u
Q

3

tf

i~l
O
V

3

u-i
V

Ia.

•S

lo
ro

br
om

om
c

•g
Q

3

$

3
ro

^

3
NO

I
=L

i
Si

lo
ro

di
fl

uo
ro

n

4:
Q

3

$

3
r*i

tf

3
NO

wS
V

1a.

'

lo
ro

et
ha

ne
.l,

u
Q

3

tf

3

NO
V

3
NO

y

Ia.

<N

lo
ro

et
ha

ne
.l,

•s
Q

3

^

3

^

3
NO

1a.

*

g
t
I
u
Q

Ia.

lo
ro

et
hy

le
ne

,

4=
u
Q

3

tf

"̂
NO

<
5.

6U

ia

V)

'?

g

1
u
Q

3

NO
V

3

^

3

v1

Ia.

f

g

1
0

u
6

3

V

3

V

3
NO

oo

a.

lo
ro

pr
op

an
e,

'

•g
Q

D

^

3

y

D
NO

I
3.

Tr

lo
ro

pr
op

yl
em

4=
0

Q

00sa.

'v
--
fll*

lo
ro

pr
op

yl
en

l

u
Q

Ia.

I
"aJ"
g
|

-g
Q

ia.

*

X
0

Q

3

NO
V

3
m
NO
V

3
NO

ia.

V

M
et

ha
cr

yl
at

_g>
w

3

i

3

NO
V

3
NO

Ia.

be
nz

en
e

_g>
w

NO

V

_

V

NO

7

7

NO

7

Ia.

"oo
'c
u
u

be
nz

en
e 

(s
cr

_>>
UJ

3

9

3
m
NO
V

3
NO

y

ia.

u

en
e 

D
ib

ro
m

i

>,
a

3

NO
V

3
r*>

3
NO

V

ia.

coc
X

S

3

i

3
rn
NO
V

3
NO

00

a.

uc

11o

ia.

ity
l A

lc
oh

ol

J3
• O

CO

3

9

D

^

3
NO

ia.

ac
ry

lo
ni

tr
ile

•£
S

^->

3

7

3

7

3

7

in
yl

 B
ro

m
id

e

u

3

7

3

7

3

7

Ia.

TJ

6
•5
2

-
3
o
fS

7

,
3

§7

3
o

7

00

a.

c

I

1

H
5

oa:
9=
a



H

j 2•^ 5
"° H ®
3 5 S
H ^ c3

^d ^Ms *
O **

> %& w

1 *
^^ ^^

^o

IN 1— <N
NO ON >0

0 § | ̂  2 S

£ 3 ON 6 o w iA
00 — o — — i-l ro

8rs r* m
O ON O
(N rs Os . «—

« 2 1 s 7 < §
£ S ON O O — ' "
CX5 ^- O ~ •— • O* ^

(N I- M
NO ON ^O
<? <N ON . ,}.

" 1 1 s 7 < a
^ 2 § 2 2 3 S

o
s <9

^ OO ON _ Q

x K S « 2 sQ 5: 0 m ' < T
0. 3 ON IN 0 W lA
ai S § " 2 j <N

r~ r- i^
f> ON «">
(N in ON _ '

£ NO ON: o o w >A

00
^ r^ ^m ON >o

i s 1 « - ^ s
• ^00 • < 00

^ ^O O\ O O W 10

- G Q P S f |
O _U JD JL> JO rt ^
• ^ O . O . O . O . Q . ^

c
3
V)

O
U

D

NO
V

i

D

«n
V

00

3.

M
et

ha
cr

yl
at

e

— .
4^

1

D
(N

7

D

7

D

7

I

2-
pe

nt
an

on
e,

4-

•j.
.5
u

D

NO
V

D

D
NO

*Q

00

3.

te
rt-

bu
ty

l E
th

er

•̂ «
•I"

3

NO
V

D

D
NO

V?

3.

:n
e 

C
hl

or
id

e

V

JS
U

0

D
R
fN.
V

CO

3.

lo
ro

be
nz

en
e

o
3

1

0

Z>
S
7

I

lo
ro

e t
ha

ne

0

3

1

|<
41

0U

"""*

D

7

00

3.

lo
ro

ni
tro

be
nz

en
e

u

1

~~>

D
-3-
V

«

3

v*

1

V

•fi
o
H.sa.

D

3
V

D

D
NO

tf

i

s
oo

3
NO
V

m

NO

wS
V

00

3.

1

or
oe

 th
an

e,
 1,

1,
1,

f
a

H

3

3
V

2

D
NO

V

001

1

or
oe

th
an

e.
1,

1,
2,

.c
ft

£

D

3
V

(N

D

V

I

U

g
i
o
•g
2£J

Ors
V

5

8

-

^

I

"ooc
'cuu

or
oe

th
yl

en
e 

(s
cr

t>it

fH

D

2
V

D

D
NO

v1

1

c
3

^

-
7

fS

7

7

V

7

00

1

(s
cr

ee
ni

ng
)

u
C
~3

£

I
2
to1

11
-"
0g

4-1

s

0

D
o
r—v1

1

ob
en

ze
ne

,l,
2,

4-

o
,c

S

D

NO
V

D

D

V

00

1

1

O
,c

s

ON

7

ON

\/

O

S
7

ON

7

1

'So
•S

1

1
o
,c

(5

3

NO
V

D
m

^

D
NO

V

I

i
1
o
,c

is

3

NO
V

J

D

V

1

H
o

JZ

s5

ON

7

rs
V

UJ

NO

7

ON

V

1

'ooc
'c

oe
th

yl
en

e 
(s

cr
ee

o
4£

S

D

NO
V

i

D
NO

V

1

Vc
ed

om
on

of
lu

or
om

el

5
.c

(5

D

NO

V

D

NO

"v

I

H!

i
2
o

4C

IE

D

NO
V

r-t
NO
V

D
NO

V

3.

a

•<
>^
1

D
ts
7

D

7

3

7

00

1

•s
"i
^.g

jq
V

m
\/

«

t-

7

V

1

o-
 (

sc
re

en
in

g)

c"u

X

3

2
V

?

=
V

3.

f
Ig
X



H
— 1 v

CO "8
bn a

T
a
b
le

 4
-2

d

O
F
 A

N
A

L
Y

T
IC

A
L

 R
t 
H

a
rt
fo

rd
: 

S
o
u
th

 K
lo

(A> «
>? i*-2 ^
S a.
D
CO

<s r- <N

fS 1-1 §N . „!•>
J. 0 — IS M

S, ^" O i/l _ f>
• 5 — N • < Op

!*! o 3« 6 o w u5!
c/3 — o — — -J n

§
<N r- n
^0 ^ 0
<N f\l 3s . *-•

*4 o c^ o o 5, ^
tA *— O ~ ^- O* *C

Tt
(s p- <N
vO C^ ""O

* | 2 a ̂  < s
Ui 3 S o o u 10
CO — 0 — — -J m

0

S fS

? " - Fs S

° ^ 1 ^ 7 < T
S £ S 2 2 S S

§ 1 1 8 ^ < S
% 1 1 2 ° S S

x:
r^ r- o
in c; «p

m 3 c 2 o
K> - | o • < S
^ 3 3= 6 o w >Aon — o — — -) n

. 0 6
9 - is .1 8- >. ^
c = C H Q 5 S
O y D D 4> Tg ^

J 1 1 1 1 J 3 1

t .

u
3

c

U

a.

'So
c

'1
0

X
Is
o
c
u

5
X

o
\7

cs
77

7

00
V

O

V

oo

1

DO
C

'c
<u

§
CL

jO

E
8
I
X

(O
o

CN
co

5
TO
Q.

m

1
X
UJ

CM

i
co
CD

UJ

I
12
O
LJJ

I
O.



ce
H

11
•O S °
M £j* N/)

— •< o
•° Z

O ^*^

w

S w
5 ^

M °^
-̂1 ^^

03

2

So l 1
CQ 12 ~ ^
" 3 S ^ — -j 3
£i 2 1 2 i < <

\O <N
O ON T

*? fi, 2 0

ii O f5 O .' W NO
C/3 — O ~- O J ON

NO Jo1

O^ ON o
<N in ON §

" 3 S 9 - _, 3
v> " ~~-> " 1 [rJ til

O C** O - \*3 ;™3

Qa.
a!.

NO 1 — ON
NO ON NO
fj <N ON . pi

°? — 2 !2 i < S
^ S S! - 0 S ^
on — o — ~- -J n

Tf
NO r— ON
NO ON NO
CS — ON . ,).

^ S S ^ & i2 "
c/3 — O — ~- -J ro

i> •£ i-

O CJ 4> 4) U 5 ,5

I I I I I I s l

i
tAc
6

NO

1
0

NO

ON

0

o

ite
 M

et
al

s A
na

ly
ze

d

Q

NO

ON

5

O

r-
ON

^i
§̂
io

ite
 O

rg
an

ic
s 

A
na

ly
ze

d

Q

NO

2

OO
O

^

S
0

at
e 

PC
B

s 
A

na
ly

ze
d

D

NO

2

00o

ON

i
o

at
e 

Ph
ys

ic
al

 A
na

ly
ze

d

Q

N

*e5
C

O

at
e 

Se
m

i-
vo

la
til

e 
O

rg
a:

Q

u*

>*
a

at
e 

of
 M

et
al

s 
T

C
L

P 
A

r

Q

1

1
S

s
7

P
V

1

i

I

0^

U

I
<

(N

<O

^~

00

'i
CQ

00

e

1
CO

1

sr
yl

liu
m

 (
T

C
L

P)

CQ

v1

in
o

v"

00

1
U

1

id
m

iu
m

 (
TC

LP
)

G

00

5
~

00

•a,

hr
om

iu
m

U

00

hr
om

iu
m

 (
T

ot
al

)

CJ

1

ST

hr
om

iu
m

 (
To

ta
l) 

(T
C

L

U

00

-
5-

6

2

I

:a
d 

(T
C

LP
)

.3

OO
O
04

rn
O
(N

v

00

t

s

1

er
cu

ry
 (

TC
LP

)

2

o

(N

1

U

X-

I

ic
ke

l 
(T

C
LP

)

•&

S
V

3
V

1

|
'cu
C/J

CN
vi
V

i
V

E

00

a

tN

1

g
N

1

oc
N

o

g
o
V

00

1

NO

o
ffirj
cu

O)s.

U)
X

x
UJ

ĈM
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â.

iA
^^ri
,-M

Ta
ch

lo
ro

be
nz

en
e,

H

00

Sa.

(
NO

•»

**•.

;r
ac

hl
or

op
he

no
l,2

H

0011a.

lu
id

in
e.

o-

o

00s
3.

(

in

ch
lo

ro
ph

en
ol

,2
,4

,

H

00

Sa.

,
*o

ch
lo

ro
ph

en
ol

,2
,4

,

iE

00$a.

o
q
o_
u

1
£

et
hy

l P
ho

sp
ho

ro
tl

£

001a.

co

00

•a,
3.

et
on

itr
ile

u

00*
3.

'S
s

45

001
2.

ry
lo

ni
tr

ile

o

001
3.

yl
 C

hl
or

id
e

<

00^>
3.

U
N

U
CO

2
V

r-
V

V

00$
3.

iz
en

e 
(s

cr
ee

ni
ng

)

ffl

001a.

>m
ob

en
ze

ne

w
m

00

•a,a.

)m
of

or
m

• t̂

en

00•̂a.

rb
on

 D
is

ul
fl

de

ed
CJ

00

$a.

OJ

rb
on

 T
et

ra
ch

lo
ri

d

eg
CJ

00$a.

lo
ro

be
nz

en
e

O

00

a.

u
CO

lo
ro

di
br

om
om

et
h

O

oo

"Soa.

lo
ro

et
ha

ne

CJ

oo

•̂a.

i

b"
*^

_C

t

§
f;

tao•g,
a.

lo
ro

fo
rm

CJ

00

•Sa.

lo
ro

pr
en

e.
be

ta
-

6

tao

"aa.

lo
ro

to
lu

en
e.

o-

CJ

00

1a.
lo

ro
to

lu
en

e.
p-

o

(O
o
cr>

•5
oo
to

&

_eo
X

ŝ
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ÔO
CJ
OO
o

ON

i

§
O

VO
ON
ON

ON
Q
OO
O

NO
ON
ON

s
§
O

,

[D
at

e 
O

rg
an

ic
s 

A
na

ly
ze

d

,

[D
at

e 
P

C
B

s 
A

na
ly

ze
d

,

[D
at

e 
P

hy
si

ca
l A

na
ly

ze
d

,

u
N

"rt
C

VI
U
'c

[D
at

e 
S

em
i-v

ol
at

ile
 O

rg
a

,

vt

£
2

[D
at

e 
of

 M
et

al
s 

T
C

LP
 A

i

m
a

[D
in

os
eb

t
oo

u

"a.
E

[A
rs

en
ic

 (
T

C
LP

)

OO

E

E
3

1

OO

E

I
V

CQ

OO

E

[C
ad

m
iu

m

[C
a
d
m

iu
m

 (
T

C
L
P

)

t
oo

[C
h
ro

m
iu

m

DO

E

[C
hr

om
iu

m
 (T

ot
al

)

ST

[C
hr

om
iu

m
 (

T
ot

al
) 

(T
C

L

00

•§,
E

•a •o

3

OO

£

§
u

"oil
E

[M
er

cu
ry

 (
T

C
LP

)

£f

E

1
o
Z

•5,
E

[N
ic

ke
l (

T
C

LP
)

t
oo

[S
e
le

n
iu

m

i
E

i/5

sp
E

o
c
N [Z

in
c
 (

T
C

L
P

)
00

=L

•0

O

ffi

m
"o

1)§•
Q.

I
0]
O
X

CM

i
oo
co
LU

Q
Z
O

O
LJJ

O
V.
Q.

ei



03
H

C/5 -O

Dy >S2 2

•o p J

3 S S
|||
H ^ ^*C8

&^ ^T^
O ^ ^

•w
>1 R

tf W

^f ^^^N ^^
2 a^
S AN

03

g
Q

vo S

? - S ^* [^ _ i [T>

^ P J^ ^ ?t < !^£ S oo o -' W voon -- o ~ fs i-J o\

«
— g> fs
CQ p; c «o°? H s s ^ < ^
^ O 00 O _' UJ ^O
C/3 — < O *-• (S i~J ON

g
Q
5

° s i v ^
S ? ^ 5 7 .^ ^
^ i i i 2 S s

0 S ST s °* ^ °°' 0 — TT «,

°? ^ »S Pi " < ^

^ i i = 2 3 s

S Q S 1 f t 1^ S Q H Q g^ E
o u « u t> "S 5
rt fr Q- fr fr 5 .J3
u c c c c ^ ^ ' g
J w o o w c f l J J D

1

1
U

i

mo
OH

00

1

03

00

1

m

00

3.

OO

fS

COa

I

COo
0.

3.

o

CO

i

<N

s

[A
ce

ty
la

m
in

of
lu

or
e

00

3.

[A
ra

m
ite

00

3.

r|

Cs.sr\

[D
ib

ro
m

o-
3-

ch
lo

ro
)

I

[D
im

et
ho

at
e

00

3.

[o
is

ul
fo

to
n

BO

a.

[p
am

ph
ur

BO

S,

U

[i
H

ex
ac

hl
or

ob
en

ze
n

BO

•a

oc
1>

•f
s

1 
H

ex
ac

hl
or

oc
yc

lo
pi

BO

3.

[P
ho

ra
te

'c
3.

>,

'>
«

O
<J

00

|C
ya

ni
de

 (R
ea

ct
iv

e

oo

?

•a
"3

I

en

1
rt

e•o

[T
ot

al
 P

et
ro

le
um

 H

00

3.

[A
ce

na
ph

th
en

e

I

JA
ce

na
ph

th
yl

en
e

oo

i

|A
ce

to
ph

en
on

e

oo

1

|A
m

in
ob

ip
he

ny
l,4

-

oo

1

[A
ni

lin
e

1

[A
nt

hr
ac

en
e

oo

1

[B
en

zi
di

ne

1

u

[B
en

zo
[a

]a
nt

hr
ac

en
00

3.

1

1
o>

oo

(O
UJ

Q̂

O

o.
OT

0.

o



H
. 1 4)

P £

j 2
•< J5
U a

T3 ?j O

"•* j TJ

3 ^ «2
" ^3 "C
H fc 8

O -M

B5 W
•< ^

s s
<»

£

— O? <N
^ I""* ON f^L
f*\ t*- ^ i/^
K* ^ CN r*i "^ •< "*T
^ O 00 O _' ^ \O
V3 ~- O ^^ (N -4 ON

S
^f o ^ po

^ O OO O .' -J vo
C/3 — O — (N -J OV

g

C
ai

\o ^
O O\ CN

2 0 — ^- S

^ j; !N ? • < S*
^ 0 So — rs ^J »0

O OS <N

T S 2 ir «a 2 C " oo
3; ^ g Pj — < Q!

^ o oo « r4 ^J vo•j: — o — — -l o\

! 9 1 1 t 1- 1
0 o u o o -3 3
g 0 . 0 . 0 . 0 . 5 ^ . 3

- J c / 3 C / 5 ( / S c / 3 — l k - J ^

1

C/l

g
U

i
3.

|B
en

zo
[b

]f
lu

or
an

th
en

e

CO

^
3.

|B
en

zo
[g

hi
]p

er
yl

en
e

1
3.

|B
en

zo
[k

]f
lu

or
an

th
en

e

00

3.

| 
B

en
zy

l A
lc

oh
ol

001a.

c
C3

|B
is

(2
-c

hl
or

oe
th

ox
y)

m
el

h

I
3.

|B
ts

(2
-c

hl
or

oe
th

yl
)e

th
er

I
3.

U

|B
is

(2
-e

th
yl

he
xy

l)
ph

th
al

a

oo
S
3.

«
JS
UJ

1
M0.
">,

o.

00

I
3.

JB
ut

yl
 B

en
zy

l P
ht

ha
la

te

1
3.

(C
ar

ba
zo

le

00

S
3.

q.
"o

0

S

00

3.

•*.
U

U

00

3.

|c
hl

or
on

ap
ht

ha
le

ne
,2

-

00

3.

(N

"5

CL

6

00

a.

u"̂

S
">*
c
:̂

0.

c<u
o.1
U

Ia.

1

i
3.

U

1
3.

|C
re

so
l,3

-

i
3.

|C
re

so
l,4

-

00

3.

JD
i-

n-
bu

ty
l P

ht
ha

la
te

00

3.

1rt

OH

f
3

I
3.

|D
ib

en
zo

[a
,h

]a
nt

hr
ac

en
e

00

a.

|D
ib

en
zo

fu
ra

n

I
.=L

C

g

1 
D

ic
hl

or
o-

2-
bu

ty
le

ne
, 1

 ,4
-

1
a.

|D
ic

hl
or

ob
en

zi
di

ne
,3

,3
'-

I
3.

1 
D

ic
hl

or
op

he
no

l ,
2,

4-

I
^-

Jo
ie

th
yl

 P
ht

ha
la

te
I
3.

|D
im

et
hy

l P
ht

ha
la

te

CO

•5

o
90.

<n
X

JQ
JS

1
LU

ĈM
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Î
.

>A
^jT

d-

ra
ch

lo
ro

be
nz

en
e,

4->

oo
,̂a.

NO

<
* Î
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î1

8̂

00

sa

c
o

^

s

O;

?

tN

V

00

1a>
a.

u
•o

oi_
03
*>^
•5
S

ON

^

<N

V

00

^>a.

1
o

S
>^
•£
2

(S

7

7

00

*
a.

g
o

a
"^
•£
s

o:
Q.
o



Xu,X

^^-

C/)
H

&d C3
OS ^^
nJ ^
< 3

73 H cl

<u H i_
1 fc £
H !̂ ^*w

O
^"^
M

S w^2
"^ £^
5 ^
S o+
Cfl

iO ON ,_>

S ^ ~ ^2 - _j 3
. ^ 1— •« -»^ . . | [Tj [Tl

S 2 § 2 oo < <

o i ^ „ o S
°? S c s 7 < t^ o 3^ b -' W \o
Vj r— • O I~l OO i-4 ON

mo ^>

°? r; Z o — -J 2

% 2 1 2 so < <

Q
2

O ON

r°p o o> ^

oS ?: 2 2 so < 2
^* O C^ O -' UJ \o
W ^- O •— • ^O -J ON

o oo
— cr\ ^f
^7" ON CN yij

£§ °^ O O JQ ^

ti o o 6 .' tu J
C/3 — O ^- *O H- 1 CK

! 9 I I ! | |
o u o u o la £

§ |||||*1
• J C / 3 O O C / 3 C / ^ ^ J k l j l D

s

coo

00^>
3.

1 
M

et
ha

cr
yl

at
e

I

(N

\7

V

00

3̂.

<-!•

l-
2-

pe
nt

an
on

e,
'

;*>
u

v^

M

V?

00

&a.

<u

iS

B"

cu

xi
u

'v

(N

'v

00

1i>
3.

le
ne

 C
hl

or
id

e

S

00

a.

hl
or

ob
en

ze
ne

c
cu

00

3.

<L>
C

x:

_o
x:urt
c
o.

00

3.

C

hl
or

on
itr

ob
en

zi

1oj
a.

00

3.

J|

O
'5.o
a.

V

IN
vS
V

COm
3.

|

V

(N

V

00

3.

IN
— •„

llo
ro

et
ha

ne
, 1

,1

1
H

ON

V

(N

V

00

3.

(N
IN"

llo
ro

et
ha

ne
, 1

 ,1

2
H

ON

V

IN

V

00

3.

ll
or

oe
th

yl
cn

c

|

__

rj
V

oc

V

GC

\7

I
3.

•*-

'E
o
u

ll
or

oc
th

yl
en

e 
(

1

^
v

M

V

1a.

p

(N

\7

o
\7

o
\7

00

3.

"oo
c

1u
VI

Ct)
3

00

a

2̂
,

1
8
3

'£

IN
<N

2
S
o
•c
H

o

v1

0

V

00

3.

4

ir
ob

en
ze

ne
,l,

2.

^o

u
T
H

ON

^

(N

\?

00

3.

ir
oe

th
an

e,
 1,

1,
1

^o
x:u
•c
H

r*
o
\/

oo
v

oo

DO•s,
=L

'oo
c
'c

o
^-^

ir
oe

th
an

e,
 1

,1
,1

o
.e

S

ON

7

N
vS
V

00

3.

ir
oe

th
an

e,
 1

,1
, 2

^o

o

ON

7

rs

\?

00

•a,
i

c
JLJ

O
J=
O

H

O

\7

CO

v

oo
v"

00

.̂

"oo

c
u
u

c

1̂
o

u

H

ON

7

fS

V

I
3.

C

•̂
p

ir
om

on
of

lu
or

ol

o
x:o

ON

7

IN

v1

I
3.

rA

ir
op

ro
pa

ne
,l,

2,

u
'C
H

ON

V

<N

\?

oo

a.

A
ce

ta
te

~*,

c

ON

V

rs

v1

Ia.

u•a
•c

c

00

3.

,o
- 

(s
cr

ee
ni

ng
)

1

ON

V

(N»/s
V

00

3.

in
U
C
U

8co

(I)
O)

8
X

UJ

ĈM
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Û

oo
in
V

in
•o
V

|

a.

«
5

or
od

ib
ro

m
om

e

jr
O

oo
in
V

in

*V

|
a.

or
oe

th
an

e

JZ
O

oo
in
V

in
V

I
3.

i-T
J*
UJ

.£

'x

Û
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•ôT
S£

|A
ce

ty
la

m
in

of
lu

o

00•s,

[A
ra

m
ite

CO

™

c.
p

o

|D
ib

ro
m

o-
3-

ch
lo

r

00

1

|D
im

et
ho

at
e

00

3.

JD
is

ul
fo

to
n

00

3.

3
.C

O

V

0

V

00

3.

CJ
C

[H
ex

ac
hl

or
ob

en
ze

o

V

0

V

00

3.

C
V

'•5
S
c
uo.

[H
ex

ac
hl

or
oc

yc
lo

00

3.

1

a
'c
3.

|C
or

ro
si

vi
ty

OO

E

U

[C
ya

ni
de

 (
R

ea
ct

iv

OX)

1

s-̂ ,

[S
ul

fi
de

 (
R

ea
ct

iv
e

1
C/l

co•eao
g

T3

*T^

JT
ot

al
 P

et
ro

le
um

0

V

o
^+-
V

00

1

|A
ce

na
ph

th
en

e

0

V

o
•̂ -
V

1?
00
3.

JA
ce

na
ph

th
yl

en
e

3.

JA
ce

to
ph

en
on

e

00

1

'

|A
m

in
ob

ip
he

ny
V

00

1

c

'c

o

V

o

V

00

1

[A
nt

hr
ac

en
e

1

JB
en

zi
di

ne

o

V

o

V̂

1

C

Us
•£
ca

"o"
N
C
U

CO

o

V

o
^*-
V

1

c

I
a

jo

1x
UJ
^~
Csl

CO

OO
eg
UJ

Q

O

a.
0



LL

Q̂

H

< -3u ^
T3 p 0

3 S -3
— <J o

H <j bw
fe M
O ^^

>M
C«

cd W
^^ ^^^? "^
^ Q^
^S ?*L,
f£* '̂

S

m on

2 I i i
,i n — i~on 10 ^ "o

C/3 O O WO

c* o

v> £ ^ &
°? - S en SS
1^ <N <0 Z (Non o o Wo

D
r^ Q

0 i-l 0
<-l (N ^ O
i— »O C^ O
of) ° C ^

^ fM >o 2^ r4
on o o Wo

.̂

Q
S

S 1
i-1 r*t —

— o c^ o
1 {-vj — | —CO ir» ^ to

CO O O Wo

m <
o m o

fN (N O O^- in c* o
CO i/-j i- c*-
CO rs i^ r/> r^
^ (N *?) Z (N
CO O O WO

3 - S. «
•^ 9 c P Q |*E
| III || z a

i
V)

O
U

0

^

0

V̂

3.

iz
o[

b]
fl

uo
ra

nt
he

ne

u
CQ

0

^

0

V̂

1

iz
o[

gh
i]

pe
ry

le
ne

u
09

0

7

0
.̂

V

1

nz
o[

k]
fl

uo
ra

nt
he

ne

CQ

3.

"o
ôo
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în
V

I
^

C

•£

|

!
i

00

V

0̂0

tf

D
NO

V

^3

în
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Ê
S

"ws

D
(N

7

3
rs

3

v"

•̂̂
™"

7

00

ta.

u
•o
'C_o

6

2

D

§
7

3
o
(N

O

7

3
o
™~

v

I
i

u
o

1
s

o
n:o.



U-

SL.

C/3
H

•<! J3

,M
4 >H ^
a> ^ "2

•3 z «2
t2 ^ h^^ OT

Lb ^T^

O -«
^H Cl
Q^ ^M

•̂ r ^^

jg |̂

S 2

t/3

Q
a.
of.

I
o o ^

• o— ^ *
^r ^i 2 S < E
i^ 3 ^o 6 J r-
W3 — 0 — CX <

^ t— )°
0 0 ^
| A ^_ O

& ° i 0 Z ~^7 jn 2 ° < E

^ - o 2 CX <

Q
a.

<N

> r. S
r^ o |2
' 2 o

ii 3 o c- S, "ien — o o O* <

o
(N

-^ O
^ \Q
t^ O "^9 a ° 5o!. 2 § ^ Z 2
.^ S c "?> a fcix! MS \S o o1 5

u -^ t-

.2 M s 2 ja f if

e

wl
C
0
U

D
00

V

D
oo

V

vo

v1

D

\?

i

th
ac

ry
la

te

2

2

D
cs

V

D
(N

D

rr

D

\7

00

1

»+•

•e
nt

an
on

e,
'

fN

1

D
oo
in
V

D
oo
vS
V

D

in
V

D
r*-

v1

a.

|

w

.0

i
"5

D
oo
in
V

D
oo
in
V

D
•&
vS
V

D

V

I

C
h
lo

rid
e

g
s

00

1

sb
en

ze
ne

c
o
.c

Io.

GO

3_

C
C*x:
u
Q

O

3
c
u
cu

00

3.

C
<u

D
tii

tr
ob

en
z

o

a
1

D

CN
V

D

CN
V

m
(N
V

D

r*»
V

1

£

§

1

D
oo
vS
V

D
oo
iri
V

D
vq

V

3

in
V

00

i

on

D
oo

V

D
oo

V

D

V

D

v1

00

i

(N

—I

Cm

o

o
g

D
oo

V

D
oo

V

D

in
V

D

in
V

oo

3.

(N

K

1

O

|le
tr
a
c
h

D
oo

V

D
oo
in
V

D
o
in
V

D

5

00

•a

c

o

|T
e
tr

a
ch

CO

3.

'So
,c
c
o
CJ

c

o

"o
C3

D
OO

vS
V

D
oo
vS
V

o
vS
V

D
<o
V

00

I

c
3

(2

00

1

'oo
c

1
&
c
<u

1

00

1

3
c
j:
u
o
o
3

1

JT
ric

h
lo

i

1

4

1
1
2
u

h-

D
00
vS
V

D
oo
»n
V

2
"n
V

^

in
V

oo

1

(

1

V
2

JT
ri
ch

lo
]

00

1

c
c
0>

2
u

^

c
.e
IU
o

_o

_o

D
oo

V

oo

V

D

\?

D

\?

00

1

,

C
<a
j;

g
o
ji

S

D
oo
»n
V

oo
in
V

vq
in
V

D

in
V

00

1

^o>

j:

2

llr
ic

h
lo

i

00

1

"an
c
'c
S
vt
U
C

2
o

1

D
00
in
V

D
oq
in
V

D

vS
V

D

in
V

00

1

C
ed

JZ

1

lo
n
o
flu

o
ro

2

JT
ric

h
lo

D
oo
in
V

D
oo
in
V

D

"v

3

v"

1

".

1
§•
I-
o
1
15

D
00
in
V

D
oo

V1

D

\?

^

10

V

00

1

„

i
_c

D
<N

V

D
CN

\7

D

7

D
v

U)

U
73

O

c

GO

1

'So
c

u

o

g"

^
oo
in
V

D
oo
in
V

D

\?

D

in
V

00

1

a
0

b

4i
X

CM

00

(O
UJ

Q

O

oi
a.
O



H
*J <u
P £

i 1a;

T
a
b
le

 4
-2

d

A
N

A
L
Y

T
I

a
rt

fo
rd

: S
o
i

S M
O -M

"^ 2
^H W

< ^

S *
P
t/5

g

Q

£ i
O ON |2

^ § 1 z ?
i i i § Is

i
^ î
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Û

0

ô
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Û

o

Os

O
fN
O

fN

S

0

m
op

C/3

X

X

X

X

X

£
O

o
fN

O
O

Os

J.

O

g;

3

fN

CQ
op

CO

Û
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ẑ

9

5-

£^
O

9
£
S

2

9

S

z

Q

o

oo
00

—o

oo

o

s
i2
o

|l0
1
6
6
4
2

Q
JD

VO

2
2
S

I
Sv

o

ov

1
o
So
o

£

|0
8
/0

6
/1

9

1

f
00

s

0

s
o

o

o

o

o

u

p

I
«

C/3

5
'

3

5
7
3

?n
in

'
rn

-

vi

•S
a.

u
a.

oo

j

<

j

<

wJ

LU

_1

<

b

3

g
o

13
LU

(N

1
_J

<

OO

r*-
oo
o
§
o
M

UJ

r--
r-
oco
s
3
UJ
<

I
Z

3 'c

c
u
3

w)
C

0

^

p

^

O

^

p

3.

"e
r i

1

.̂
aJ
C
a

"1

r j

1

rt

4T

s
"

1

u

1
"o
s

_o
g"~

0

7

o

V

T̂f

5

i

c

ro
lo

lu
cn

c

2

0

^

o
7

o

V

p

't

a.

c
=1
3
o

_o

r >

o
Tf

V

0

V

o
7

p

1

c

j
i
Q

O

7

o

V

o

^

p

1

(

(N
_T

c

lo
ro

be
nz

f

jr
o
Q

O

^

o

v'

o

V

p

V

1

(

(̂ 1

c

lo
ro

be
nz

f

•g
Q

O

V

o

V

0

7

p

1

T3-

u"
c

lo
ro

be
nz

f

j:u
n

o
Tt

V

o

V

o

^

p

1

<U
c
3

1

1
•g
n

o

v

o

V

o

V

p

1

U
C
CO

*-

g

lo
ro

d
ifl

iK

•g
n

o
7

o

v

o

V

p

1

(

aJ

0

o
n

o

^

o

V

o

\7

p

V

1

(N_

*T

io
ro

et
ha

n

u

^

^

•a-
?

o

^

p

1

(

^-

c

g
o
u
n

1

00
C;

'c
<u

0
C/l

—̂

C

•5

1
u
Pi

1

§(N
c

o
j:

h

p

^

p

^

o

^

p

1

,
(/3

V
<N

S

!
u

1

"oo

c
u
Vi

~*~" '
VI

'v

S

I"
U1
u

p

^

p

^

o

^

p

1

,

c
cd
t
<N

C

g
o

•g
n

1:

»
"c
U
u

^
,

S2
2
rN

CJ
c

2o
0

n

p
3

P
v

o
•7

p

a.

CN

tT

;o
ro

pr
op

a

u
n

3.

rA

•J

or
op

ro
pa

j;

1

rn

—

5

or
op

ro
p>

j:

p

^

p
?"

*
*
fN

y

*
*fN

1

Ji
V

û
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Ẑ

|R
PD

(%
)

o

CQ

Z

VI
O

**?
03
on

Z

Q
c

c5

S
00

Q

1
00

0

1 1
63

44
75

o
(N
Tf

O

OO

(N
JJ"

O

9
_tu

C.

1

o

C
o

—

o

o
0

r-561 /C
O

/90]

§

|

r--

^

?̂N

0

1
_u
Q.

a
00

o

—

in

^̂-

0
in

<N
rs
o

o

o

1

U

1
CQ

C/3

OO
1

o

00
_ '
o

p

p

p

p

p

1

p

(S
_u
o.

ca
on

J
HI
<

,
KJ

^

Z

3
a

z

a

z
^

o-

o
2

o
o

ŝ
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ĈQ

1

u
CO

(2
-e

th
yl

he
xy

l) 
Ph

th
a;

en

3

1

1

>m
op

he
ny

l P
he

ny
l 

Et

£
CQ

1

ty
l B

en
zy

l 
Ph

th
al

at
e

CQ

1

u
o

.0

CQ

C )

1

o
C )

1

4
i

go
V

1

lo
ro

ac
et

al
de

hy
de

f,

1

!o
ro

an
ili

ne
,4

-

JSr >

1

ja

lo
ro

m
et

hy
l M

et
hy

l E
l

r >

1

io
ro

na
ph

th
al

en
e,

2-

fi

1

io
ro

ph
en

ol
,2

-

4=r >

I

te"

lo
ro

ph
en

yl
 P

he
ny

l 
Et

f,

1

U

8
fr )

1

"o
?!Sr )

1

1
r2!

1

4
1
E

1

(A

$

1

n-
bu

ty
l 

Ph
th

al
at

e

i

n

1

n-
oc

ty
l 

Ph
th

al
at

e

i

1

ie
nz

o[
a,

h]
an

th
ra

ce
ne

j^
n

1

«n
zo

fu
ra

n

jj
n

1

en

I

c

CN

|
U

n

O
co
0)
en
CDrx



fe

§

3

•̂y
4>
a
a
0
U

C/O T3

H |

CO (Q
td ffi

** ^%
T H |
_O J 43

H §!
S_i ^U

^ g
2 <u

iiao
2•53
o
o.

g
Q

r^
0

2W

m

2cu

9
ĜO
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î
r>

)̂
(̂ S

3

"S
0)
O
c
o
U

H "2

^J CQ

< w
^i *^
HH ^̂

•^ H q

ilj
fe S
0 2
^ Pi
^^ ^^

Di ef
3 2
^J ^*rf̂  ^^H

g '-5
C

_o

i
0

1

g
Q

0.

9
t/3

^
p

9̂
U3

^^
Q
Q.
a;

<N
oL
o
C/l

r*-
CN
n

9
C/1

Q

1

(N
OO
00
O

O

^_
OO
oo
o
o

oo
Cs
\o
0

5;
oo

o

ro
»n
oo
o
o

g
.2J

5
(N

O

S

r-1
<o
o

m

1̂
g
o

Ox

1
O

m
O1-
ON

1
o

„
Q
u

I

1

1

So

o

00

\o

in

"n
c<

Q.

Q
u

t
Cfl

1
c
3

2
C
3

C
3

|

C
3

S
e
3

n

JL
ab

or
at

i

(N
00
00
xo

0

3

OO
oo
xo

o
3
c
3

06
01

93
 

1

ffl
Ox

i

oo

o

c
3

»n
oo
•o
o
s
c
3

u

£
3

i'c

tit
u
e
n
t

c
Q

0

1

•S
2

_o

S
^—

1

-„

1

3
u

1

3
V

I
6~~

1

u
c

_3

3

u

3.

O

ro
to

lu
e
n

5
U

1

4
c

1
_o

u

1

U

1

Q

1
Q

3.

N

C

u
5

3.

".

C

1
•%

a

1

4

C
U
N

O

1
•£
a

1

C
rt

1
1

1
j=
u
a

1

C
eg
J=

I
3
IS

ê
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ĉ
3

1
3

1

c
3

§
u

1

cs

sa.

1

oo

a

_j

rsi

CQ
ki

1

Srsi
09
k!

1

la
m

in
of

lu
or

en
e,

2-

V

1

a
e

1

ob
en

zi
la

te

S

•5,a

-:

m
o-

3-
ch

lo
ro

pr
op

ar

I
a

1

rt
O

1
3

1

<2
w>

3

1

t-
j3

!u.

3.

jh
lo

ro
be

nz
en

e

«

1

1

cu

:h
lo

ro
cy

cl
op

en
ta

di

a
X

a

1

•os

1

1I

1

tw
O

;th
yl

 D
ith

io
py

ro
ph

&

1

c
aco
'iS

1

WJ

1
m

Pe
tro

le
um

 H
yd

ro
c;

I

1

c

£

c

<

Hi
a

ip
ht

hy
le

ne

c
u

1*

<u
c
o
c

ts
u

"a

ob
ip

he
ny

l,4
-

c
1

1

U

c

1

u
c:

c

Hia

>l 
C

hl
or

id
e

i
23

.J

u
c

'N
g
03

1

>[
a]

an
th

ra
ce

ne

H
5m

1

>[
a]

py
re

ne

H
5
ffl

(U
en
co
Q.



|

"3
'•Gu
aao
U

05 ^

J 1

£ bC/J e$
Qd JJH

U M
< Wu •>

3 £ 1^t ^ s
_o> J ^

H •< °8

o 2
>H ft<

^<< O>
^< L*

? 0>

II
O

oa

<

g
o"
g

f
a.
9
on

SK
-G

P-
46

Q

o

g
.3

VO
oo
Ov
VO

O

OO

o

10
16

98
8

Q

i

t

m
ONs
0)
u->
o

O\

Ô
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ĵ ", ^^

'12 4^
^ZZD •••

on •«
B
O

U
Oau

g
Q
2

t
a.
O
;̂CO

K
-G

P-
41

CO

Q
' J

O

s

vC
00o-
VO

o

c-ooo-

0

01
69

88

—

u
u

1n
C/3

?
>no

c^

5
I/*,
o

<""•

5/
26

/1
9'

o

u

^>

u

1

y
''~

u
Q.

00

rt

^

oo

0

«»
vO

o.
0
V
CL

et

^
c

?
c
3

S

C
3

u"

f«

J

oo
VO

o
32
c
3

<

(N

CD

(N

OO
00

O

C
3

S
g

3

I

st
itu

en
t

§

1

iy
lc

ho
la

nt
hr

en
e,

3-

s

1

iy
ln

ap
ht

ha
le

ne
,2

-

s

1

uc

tro
so

-d
i-n

-b
ut

yl
am

c
2

1

u

a

c

c
z

1

tr
os

od
ie

th
yl

am
in

e

c
7,

\

9J

tro
so

di
m

et
hy

la
m

in

c

1

4J

tr
os

od
ip

he
ny

la
m

in

c
z

1

c
c

tro
so

m
et

hy
le

th
yl

ar

c

1

tro
so

m
or

ph
ol

in
e

c

1

tro
so

pi
pe

rid
in

e

^

\

g
1s-

1

ith
oq

ui
no

ne
,l,

4-

8-

1

ith
yl

am
in

e,
al

ph
a-

1

1

U
hy

la
m

in
e.

be
ta

-

£

1

3-
o-

to
lu

id
in

e,
5-

£

1

3a
ni

lin
e,

2-

£

1

3a
ni

lin
e,

3-

£

1

3a
ni

lin
e,

4-

£
7

1

S
s

7,

\

3p
he

no
l,2

-

fc

1

jp
he

no
l,4

-

7,

"5,

Tf

jq
ui

no
lin

e-
1-

ox
id

e

£
7

\

js
op

yr
ro

lid
in

e.
n-

£
7,

\

ac
hl

or
op

he
no

l

g

1

1
S
£

1

an
th

re
ne

1

"o

£

3.

yl
en

ed
ia

m
in

e,
l,4

-

fe

o

co

0)
o>
to

CL



FN

S
•*•*

C

0
U

V) -o
H |

J C3

U £

H 5j 3
fa tS
0 2
04 cf

s •<
^ ^

^D ^3C

^
Ssu
o
Q.k.

g
n
0.
Ct

o
CL
O

I/I

0
Ta_
9̂
on

Q

o

J

o
00s
0

oo
c;

o

oc
c;

O

Q

u
o.

s
5
<N

O

n

1
o

m
ON

3>
fS
Vto

rt
Q
u
O.

1

1>
H
u

1

a
rs

—

cc

o

so
'
o

J=
o.

u
D.
CO

CO

ĉ
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•yŝ,

i
X
•oc

i/i

5T

U

-a
a

*E



r-

o
CN|

Uu
c2

^̂ 1c^-

^^ ^O

^J
C/3

|

Q ^
Z s

•̂

z <u

3 §

14

:O
N

TR
O

L S
AP

, 
E

a
st

 H
a
rt

fo
rd

T
a
b
le

 4
-5

Q
U

A
L
IT

Y
 (

t 
&

 W
h
itn

e
y

j j j j

11

F
 Q

U
A

L
IT

Y
A

ir
p
o
rt

/K
lo

n
<

O

5
*s
S
05

n
n
a
tio

n

£
e

j>
03

.O

O

U

1

W

M
is

ce
lla

ne
ou

s 
|

E
xt

ra
ct

io
n

S

ffl
k!

P
es

tic
id

es
H

er
bi

ci
de

s
S

em
iv

ol
at

ile
 O

rg
an

ic
s

V
ol

at
ile

 O
rg

an
ic

s
P

or
ta

bl
e 

G
C

a
O

is

1

1
0-

«
SSI

Q

"H-

C3in

Q
c
o
ra

8

i

X X

1 1

§:§
t̂ VI

OO 00
o o

-0 00

o -o

1

P
M

E
N

"P
M

E
N

jj :<&

1
i

1

X X

,

:

I

X | X

X ; XX
' i

X i X X X

UJ -UJ UJ UJ
S^ 'Kyi ^ ^/

CQ CQ 'ffl a

1

g, . o o

ON 'ON |O —
— '— UN rM

oo oo !oo oo
o o lo o

NO '1 — • f~~ ON
CNj Tf CNl fN|

O lO O O

— 1 • —

H If- H ,f-

1 IS 2 S
a. io. a. a.
D ID D 'D
cx ia o <y
jj !f T] f T] f r ]

X

UJ

CQ

«
CNI
<N
CO
o

ON

o

H

.0

a.

Sf

X

U

CQ

NO
ON

S
00

NO

fl

o

1
£

X

u
a

NO

(N

§

p

o

cu
D

£

X

UJ

CO

NO
ON
NO

00
o

O
NO

NO

o

f-z

D

£

X

CQ

O\

N

§

NO

ON

o

a
OH

£

X

Q

vo

S

0

8

o

UJ

L,

D

X

UJ

CQ

NO
ON

00

00
o

(S
N

o

UJ

i.
D

X

a

NO

ON

0

tN

o

UJ
5
cu
b£

X

S
CQ

NO
ON

;a;
ON
O

D
OO

0

X

D

X

CQ

NO

o
ON
O

m
oo

o

U

l_
D

X

n

NO
ON
NO

ON
O

S

O

i.

D

X

X

X

X

X

S

NO
ON
c5

ON
O

7N

O

UJ

it
b

X

a

NO
ON

—
ON
O

ON
VI
ON

0

cu
D
a

X

S

NO
ON

<N

ON
O

0
ON

0

>
0.

D

Sf

X

X

X

S
CQ

NO
ON
rs

ON
O

0

00

0

S
2CL,
D

x

CQ

NO
ON

fi

O

oo
ON
JN

0

1
CL,
D

x

x

x

X

u
X

NO

NO

g

D
OO

o

a
cu
b

X

X

X

X

X

CQ

NO

ON

g

SO
oo
oo
o

Z

Cu

D

X : X

X

X X

X X

X X X X X

•
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ŵ

w
S
OH

I

H
U
Sa.

u

H
Z

^»

I

^

f*

Scu

O*w

H
;̂

OH

CX

Q

o

1

o

eso

?

ĉs
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î

•*
90
o

o

s
o

(N

>ri

0

»/*i

O

TT

"J
£

C

0

Q.

1

1

|

CX

2

CX

CX

D
CX

â
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Ĵ **

u "2
^ •£
QJ «

S =
eg «
CO H

^ ^H S

s •< ^
es L3
N Qi t$

S|
Q ft_^

F"*

H g"
U "
W ^

W -^
g|

w rll
0̂u
u.
O

1
g

CO

^

PQ

9
s

X*-p

ti
BJ

fe

1
P3

9
E

;̂z
<i
CQ

1E

H

1

1H

H
z
s

I
g

scu

1
Q
c

1

enON
00

v-v
0

^

m
ON
CS

0
en
o
~

en
cs
ON

Os
O
»r>
«n

TJ-

CS

en
ON
O
v>
en
TJ-

cs
en

ŵ%
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DRAFT

Table 4-7
Soil And Groundwater Preservation Methods

Airport/Klondike Area, Pratt & Whitney, East Hartford, Connecticut

Soil

Soil for Off-Site Analytical Laboratory

Soil for LEA Analytical Laboratory

Refrigerate to 4° C

Refrigerate to 4° C, use laboratory supplied,

acidified water

Groundwater

Volatile Organic Compounds

Semivolatile Organic Compounds

Filtered Metals

Unfiltered Metals

Total Petroleum Hydrocarbons

Polychlorinated Biphenyls

Acidify to pH< 2 with HC1; Refrigerate to 4° C

Refrigerate to 4° C

Acidify sample to pH<2 with HNO3

Refrigerate to 4° C

Acidify sample to pH<2 with HNO3

Refrigerate to 4° C

Acidify sample to pH< 2;Refrigerate to 4° C

Refrigerate to 4° C
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Table 4-8

Laboratory Accuracy And Precision Objectives
Airport/Klondike Area, Pratt & Whitney, East Hartford, Connecticut

Volatile Matrix Spike/Matrix Spike Duplicate

Compound

1 , 1 -Dichloroethene

Trichloroethane

Benzene

Toluene

Chlorobenzene

Water
QC Limits

RPD

14

14

11

13

13

Percent Recovery

61-145

71-120

76-127

76-125

75-130

Soil
QC Limits

RPD Percent
Recovery

22 59-172

24 62-137

21 66-142

21 59-139

21 60-133

Accuracy And Precision Objectives

Metals

Sulfide

Alkalinity

TOC (water)
TOC (soil)

Sulfate

Acidity

Matrix Spike
Recovery (%)

75-125

75-125

N/A

80-120
85-115

75-125

N/A

Duplicate
RPD

±20

±25

±10

±10
±15

±25

±20

Surrogate
Recovery (%)

N/A

N/A

N/A

N/A
N/A

N/A

N/A

*RPD = Relative Percent Difference
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Table 4-9

Area and Sampling Type Identifiers
Airport/Klondike Areas, Pratt & Whitney, East Hartford, Connecticut

Area
Designation

AB
BB
CB
DB
EB
FB
GB
HB
JB
KB
LB
MB
CS
EA
ET
LM
NA
NT
NW
PH
SA
SK
ST
SW
WT
XT

Area
Within A Building
Within B Building
Within C Building
Within D Building
Within E Building
Within F Building
Within G Building
Within H Building
Within J Building
Within K Building
Within L Building
Within M Building
Colt Street Facility
Engineering Area

Experimental Test Airport Laboratory
Area Outside Buildings L and M

North Airport Area
North Test Area

North Willgoos Area
Powerhouse Area

South Airport Area
South Klondike Area

South Test Area
South Willgoos Area

Waste Treatment Area
Experimental Test Area

Sampling Type
Identifier

MW
PZ
SW
SD
CC
ss
SB
TP
sv

Explanation
Monitoring Well

Piezometer
Surface Water

Sediment
Concrete Chip
Surface Soil
Soil Boring

Test Pit
Soil Vapor
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